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PREFACE 


Studies during the last decades together with clinical observations have 
contributed much to our knowledge in endadontics. On both biologic ann 
clinical foundations modern endodontics has been developed. However, 
there is st ll much to be leamed, and much is already known needs to be 
clinical y applied. 


Endodontic therapy, along with proper periodontal and restorative 
procedures, provides a basis fo sav ng teeth. The maintenance of natural 
teeth can have mportant psychic rewards fot many patients. Loss of tooth 
may create a tremendous psychological trauma. 


New findings have been discovered relative tu the pulpal and periapical 
diseases. Prevention of pulpal and periapical damage is an important 
consideration for general dentists. Ths book is written m the form of a 
guide through diagnostic procedures, treatment planning considerat ons, 
methods of prevention, methods of treatment and retreatment. As a 


result of these various cunsiderations, all treatment metbodulugies are 
covered. It is hoped that this book will prove useful to the student, the 
general practitioner, and the endodontist. Oral surgeons, pe~ odontists, oral 
pathologists, pedodontists, oral radiologists, and microbiologists may also 
fnd certain sections to be of interest in this book, 











Beas CONTRIBUTORS 


Siza Yakoub 
Proressor of Endodontics 
Faculty of Dentistry, Cairn University 


Maged M. Negm 
Protessor of Endodontics 
Faculty oi Dentistry, Cairo University 


Jealan Mohamed El Shafei 
Proessor of Endodontics 
Faculty of Dentistry, Cairo University 


khaled M. Ezzat 
Professor of Endodontics 
Faculty of Dentistry, Cairo University 


Alaa Al Din Diab 
Protessor of Endodontics 
Faculty of Dentistry, Cairo Liniversity 


Randa M. El-Boghdads 

Chairman of Department of Encloclontics 
Proiessor of Endodontics 

Faculty of Dentistry, Cairo University 


Mohamed Abdel-Azim 
Professor of Endodontics 
Faculty of Dentistry, Cairo University 


Abeer Marzouk 
Professor of Fndoriontics 
Faculty of Dentistry, Cairo University 


Heba El Far 
Professor of Endodonmlics 
Faculty of Dentistry, Cairo University 


Angie G. Ghoneim 
Professor of Endodontics 
Faculty cf Dentistry, Cairo University 


Reem A. Lutfy 
Professor of Endodontics 
Faculty of Dentistry, Cairn University — 


Nihal E. Sabet 
Professor of Endodontics 
Faculty of Dentistry, Cairo University 


Manar Y. Fouda 
Professor of Endodontics 
Faculty of Dentistry, Cairo University 








Gama CONTRIBUTORS 


FNDODONTICS 





Ghada El Hilaly Eid 
Professor of Endodont cs 
Faculty of Dentistry, Cairo University 


Suzan Abdul-Wanees Amin 
Assoc ate Professor of Endodontics 
Faculty of Dentistry, Cairo University 


Reham Seyam 
Associate Professor of Endodontics 
Faculty of Dentistry, Cairo University 


Alaa A. Elbaz 
Associate P-ofessor of Endodontics 
Faculty of Dentistry, Cairo University 


Geraldine M. Ahmed 
Associate Professor of Endodontics 
Faculty of Dentistry, Cairo University 


Karim Galal Abdel-Kader 
Associate Professor of Endodontics 
Faculty of Dentistry, Cairo | riversity 


Hend Abou Ef Nasr 
Associate P-ofessor of Endodortics 
Faculty of Dent stry, Cairo University 


Abeer A. Saba | 
Associate Professor of Fndodontirs 
Faculty of Dent stry, Cairo Uriversity ` 


shaimaa |. Gawdat 
Associate Professor of Fndodortics 
Faculty of Dentistry, Cairo Uriversity 


Marwa Bedier 

Lecturer m Endodontics 

Facu ty of Dent stry, Cairo Jniversity 
Laila M. Kenawi 


Lecturer n Endodontics 
> Facu ty of Dentistry, Cairo Jriversity 


By p Nehal Nabil Roshdy 
= Lecturer in Endodontics 
Facu ty of Dent stry, Cairo Jniversity 


Sherif A. Elkodary 
Lecturer in Endodontics 
Faculty of Dentistry, Cairo Jr iversity 








TECHNICAL & CLINICAL 


ENDODONTICS 





3 


45 


111 
121 





CHAPTER 1 
CoAPTER 2 
CHAPTER 3 


CHAPTER 4 
CHAPTER 5 


CHAPTER 6 : 


CAAPTER 7; 
CHAPTER A: 


CHAPTER 9 
CHAPTER 10 


CONTENTS 


BE PART) — THE SCIENCE OF ENDODONTICS 


: Scope of Erdacontics 


> Diaynostic Procedures 


 Structare and Function ol The Der tin- Pulp: 


Complex 


: Endodontic Radiography 


> Pain and Differential Diagrosis of 


Orofacial air 


Management of Pain anc Pain Saving 
Methods 


Pulp and Periapical Diseases 


Pulp and Periradicular Microbioloyy anc 
Immunology 


: Case Selectior 


© lréatmert lan 


RE PART (1) — TECHNICAL ENDODONTICS 


127 


ee 
161 


2035 


233 





249 
263 
273 
253 
307 
Sal 
343 
Bei 
36] 
363 


CHAPTER 11 


CHAPTER 12 
CAAPTER 13 


CAAPTER 15 


CIIAPTLR 18 
CHAPTER 19 
CHAPTER 20 
CAAPTER 21 
CHAPTER 22 
CHAPTER 23 
CHAPTER 24 
CHAPTER 25 


> Pull: Space Morrhelagy ard Coror al 


Access Cavity Preparation 


> toot Canal instruments 
: Cleaning and sShacirg 
CHAPTER 14 : 


Obturatior of the Root Canal System 


» Endocontic Mishaps 


DE PART (i) — CLINICAL ENDODONTICS 
CHAPTFR 1E : 


C IAPTTR 17 : 


| onal Anesthasia and tsolattan in Frededantics 


Pmeargency Treatment in Preacdontics 


> Traumatic Dertal [njaries 

: Cracks ane Fractures 

» Endocontic Surgery 

e Vital Pulp Therapy 

: Application of Therapeutics ir Endodontics 
>: Non Surgical Endodortic Retreatmer t 

: Evaluation of Success ard Failure 


: Evaluation of Outcomes 








A CONTENTS 


ENDODONTICS 





3/9 
385 
393 
403 
415 
425 
437 
453 
475 


CHAPTER 26 


CHARTERE A : 


CHIAPITR 2A 
GHAFTER 29 


CHAPITER 31 
LCHAPIER 32 
CHAPTER 33 
CHAPITER 34 





E PART (iv) — RELATED ENDODONTIC TOPICS 


> Tissue Engi jeering in Endodontics 


Fododcantic Per oriootal Relalionshin 


> Root Resorstian 
; Restovaton of Cndodontically Treated Teeth 


CHAPTER 30° : 


Bleaching of Crscolored Teeth 


: Geriatric Endodortics 
> Ihe medica ly complex endodontic patiant 
: Nanotechne ogy in Endadentics 


t Eviderce-Based Endoconctics 








THE SCIENCE OF 
ENDODONTICS 


PART I 


: Scope of Endodontics 
- Diagnostic Procedures 
- Structure and Function of The Dentin-Pulp Complex 
- Endodontic Radiography 
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Management of Pain and Pain Saving Methods 
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Definition of endacontics 

Incicatians for encocontec therapy 

Absalcte contraind cat ons for erdodortic therapy 
Scove of endodontics 


Phases vb endodontic ealmen 


After reading this chapter, 





the student should be able to 


SCOPE OF ENDODONTICS 


cdodontics 1s lne branch of dentisiry 

concerned with the morphology, 

physiclogy, ard pathology of the 

human dental pulp and periapical 
tissues. Tis study and practice encompass the 
basie clinical sciences including biology of the 
normal pulp; the etiology, diagnosis, prevention 
and treatment of discascs and injurics of the 
pulp; and associated periapical conditions. 


The term endodortics emerges from the 
Greek word “en”, meaniags im or within, and 
“odeus’”, meaning tooth: the process of working 
within the tootn 


Indications for endodontic therapy 


Endodontic therapy provides the dentist 
and ine patient the opportunity to save the pulp 
aud periapically involved teeth. Any tooth 
from central incisor fo tnird molar 1s a potential 
candidate for treatment. 


Modem dentistry incorporates endodontics 
as an integral part of restorative and prosthetic 
treatment. Ever severely broken-down teeth 
and potential and actual abutment testh can be 
candidates for endodontic treatment. Endodontie 
therapy is generally indicated im: 


1- Teeth suffering pulp or apical pathology: 
a. Pulp pathology: acute and = chronic 


pulpitis, and necrosis of the pulp. 


b. Pulp calcification, internal resorptior 
and external resorption. big. (1) 


c. Apical pathology: acute and chronic 
apical lesions. Fig, (2) 


2- Intentional endodontic treatment can be 
performed in teeth with healthy pulp in 
cases of: 


a. The need for post and core. construction 
torebuild the missing coronal part of the 
tooth. Pig. (3) 


b. Overerupted or mesially drifted teeth 
wher crown reduchon may cause pulp 
exposure. 


ce. Teeth retained in the mouth to retain 
overdentures. Fig. (4) 


d. Esthetic requirements . 





Fiz, 1. soot canal calcification (A), internal resorption (E). 





Fig, 2. Chronic apical lesions 


e. Crown fracture with pulp exposures, and 
traumatic pulp exposure during dental 
procedures. 


Absolute contraindications for 
endodontic therapy 


Although it 1s true that root canal treatment 
can be performed on virtually any tooth in tne 
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Fip. 3. Post and core restoration of endodonti- 
cally treated tooth 





Pip. 4. Totentional eandocdainte: tesatinent) Poo edamect 
mandibula canines Cor the purpose of constructian 


of aver demme 
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mouth, there are some important considerations 
that must be evaluated prior fo recommending 
root canal treatment including: 


l- Is the tooth of stratezic importance? 


2  Isthe tooth restoradle or is it badly darmaged 
acd can mot ae restored. 

3- Is the tooth so severely involved 
penodon‘ically that it would be Inst so soon 
for tnis reason? 

Therefore, absolute contraindications for 


endodontic treatment could be summarized as 
follow: 


l- Non strategic ¢zefn, those having no 
opponent, and would rot serve one dav as 
ar abutment for prosthesis. 


2- Won restorable teeth which can't properly 
function after endodontic treatment. 


3- Teeth with extensive internal or external 
root resorption. 


4- In teeth naving insufficient pcriodortal 
support wilh severe mobility. 


5- Single root teeth with vertical root fracture 
passing ‘hrough the root canal. 


The scope of endodontics 


The scope of endodontic treatment options and 
chrically related topics can he preserted as 
follow: 


l- Differential diagnosis and treatment of oral 
painu of pulpal and/or penapical origin, or 
referred pain. 


2- Vital pulp therapy (pulp capping, pulpo‘omy, 
treatment of immature teeth: apexogenesis, 
and apexification. Fig. (5) 


3- Non-surgical treatment of root caral 
systems with or without periapical pathosis 
of pulpal origin, including obturation of 
"hese systems. 


d- Selective surgical removal of periapical 
nathosis resulting from extension of pulpal 
pathosis including (oly slruclures: apical 
curettage, root-erd resection, hemusection, 
aicuspidization, roel resgelion, and reel ead 


filling. Fig, (5) 
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Immature Tooth | — 
Retracted gum 37 iia 
tissue TF 
Removal of inflamed) z 
inføsted tissue =~ 


Py 
Root oe 
Fractura 


Pip. 4. Some examples of the scope of endiwionte therapy. Treabnent of immature tomh (A). Sureical removal of apical 
lesion, rootem resection and retrograde filing, (B.C) Management of lraurmatic ijucy of crown and rout, (D,E) 


Root repair procedures related to pathologic 
or odontoiatrogenic pathcsis/damage. 


Intentional replantation and replantation 
of avulsed teeth and management of 
other traumatic tooth injuries (luxation). 


Fig. (3) 


Interrelationship between 
periuduntal diseases. 


pulpal and 


Bndudontic endou-osseuus implants. 


Bleaching of discolored dentin and enamel. 


- Revision of previously treated root canal 


systems- both non-surgical and surgical. 


Coronal restorative procedures involving 
the root canal space and coronal access 
openings. 


Phases of endodontic treatment, Fig, (6) 


I- 


Diagnostic phase: aims to determine the 
disease condition and set a treatment plan. 





Fig, 6 Preparatory phase (coronal access opening “A”, and 
root canal preparation “ B”) and obturation phase of 
endodontie treatment “E. 


Preparatory phase aims at gaining access 
to the pulp chamber and cleaning and 
shaping the root canals. 


Obturation phase: aims at three dimen- 
slunal filling of the rool canals. 
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CHAPTER REVIEW QUESTIONS 





Define enododontics. 

Enumerate indications of endodontic therapy. 

Enumerale absolute contraindications of endodontic Iherapy. 

Enumerate some endodontic treatment options included in the scope of endodantics 


ae ie ee i! 


Whal are the phases of emiodonie beaten 





« Wallon RE, Torabingjad M. Principles and practice of Endodontics, W.B. Saunders company, 2015 
a Cohen $5, Bums RC. Pathways of the pulp, Mosby, 6th edition 1994, 8" edition 2002, 1" edition 2016. 
a Ingle J, Baklana LK, Baumgamec JC. logle’s engodontizs 6, BC Decker nz, 6" caition 2008 


a Koward Besner, Andrew Mizhnaawicz, John Michanowics. Fraclical cooodonlies 4 clintzal Allas. 
Moshy 1994. 
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Definition of diagnosis 
Routes of diagnosis 
Case history {patient information) 
Personal dala 
Medical history 
Past ental h story 
Present denta history (chief complaint 
Clinical examination 
Extra-ora| 
| ntra-aral 
Diagnost c a ds 
Laboratory investigations 
Recent advances in endodontic diagnosis 


After reading this chapter, 





the student should be able to 
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any texta have heen written on 
diagnosis and treatment planning. 
All emphasize that a thorough 
diagnosis and determination of 
(he cause, must be made before any definitive 
treatment would be considered. 





Definition of diagnosis: 


Diagnosis is the art of distinguishing or 
idenlil ying disease. Compact Oxford English 
Dictionary defined diagnosis as “Elimmation 
of the nafure of a disease condition, by careful 
Investigation of ifs sympfoms and history”. 


Walton and Torabinefad stated that “in 
order tu reach the correct diagnosis, a clear 
dental and medical history has to be taken, as 
well as performing appropriate diagnostic fests”. 


Simply, diagnosis means collection of 
data and information about a case from 
different sources. These data are analyzed and 
conclusions are brought duwi. 


To achieve proper diagnosis, one should have: 


i} Krowledge: Vo know, distinguish and 
decide when and where to refer the cases. 


2) daferest: As a 
discover disease. 


natural characterise to 


3) Entmifon: To suspect the unusual, 
4) Curiosity: To link you with the good detective. 


5) Patience: To five enough time fo approach 
the correct diagnasis. 


ó) Sense: To use all physical tools, ears fo 
hear, eyes to see and hands fo palpate. 


Koutes of diagnosis 
I Case history (pagent information) 
ll- (inical examination 

a- Extraoral examination 

b- Intraoral cxamination 

c- Diagnostic aids 


II- Laboratory investigations 


I. Case history (patient information) 
A) Personal data: 


Patient's name, age, sex. address, 
telephone number, occupation, marital status 


should be recorded. 


B) Medical history: 


This includes recording the diseases and 
the current medications of the patient. The 
Importance of medical history is not just 
prescribing medication for patiente wilh some 
disease (e.g. rheumatic fever) but the prablem 
now is more scrious with the widely-spread 
hepatitis and sexually-transmitted diseases, 
e.g. AIDS, which are potentially debilitating 
and, even, fatal. Some medical conditions need 
precautions, olhers need consultation and sume 
may even require hospitalization. Similarly, 
the drugs regularly taken by the patient should 
be listed because there are drugs that can 
cause oral manifestations (eg. xkerostomia, 
gingival hypertrophy...etc.), while others may 
contraindicate the use of other drugs for fear of 
drug interaction. Allergy to certain drugs should, 
also, be recorded. 


Table (1) Medical Conditions and precaution measures 


Medical condition Precaution taken 


| History of infective endocarditis | Regarded as special high-risk group. Antibiotic coverage 1s required. 













Congenital cardiac abnonualiiy | Consider antibiotic covcragc. 


Rheumatic tever May consider antibiotic coverage. 


a 


Artilicial heart valves , prosthesis for | Consider antibiotic coverage, 
total replacement of a joint 


Cardiovascular disease GMP* to advise alteration of drug therapy. Non-surgical cndodantics pre- 
ferred. Analgesics ta reduce postoperative pam. Stress-reduction protocol. 
Short and morning appointments. 


Hypertension Consult physician. Non-surgical endadontics preferred. Analgesics to re- 
duce post-operative pain. Stress-reduction protocol. Short and morning 
appointments. Adjustment of anticoagulant therapy before endo-surgery. 





Blood disease (Herwphilia) Consultation (adjustment of bleeding & clotting (ime) Roul canal 
treatment preferred to extraction. Hospitalization if surgery required. 
Local hacmostatic agents (absorbable collagen’ Gelfoarn}. Avoid bleeding 
by LA” injection using shorter needles. Sequential pulp extirpation, 
repeated formocresal application till complete removal of fixed tissues. 
Avoid gingival lacerations by clamp placement, make facial & lingual 
nolens on lool. 








Blood glucose level adjustment especially before surgery. Delayed healing | 
can he expected. Antibiotic coverage if surgery intended or infection 
present. GMP to advise alteration of drug therapy. Avoid epinephrine as 
vasoconstrictor in local anesthesia (breaks down glycogen to glucose}. 
No aspirin prescribed as it enhances insulin action (insulin shack). Stress- 
reduction protocol. Short, morning and after meal appointments. Candy 
bar for hypoglycaemia. 


Diabetes Mellitus 















Hepatitis 

instruments. Bleeding expected due to Vit. K deficiency. Avoid prescrib- 

ine drugs detonufed in the liver. GMP to check if the patient 1s a carrier 

(Lab investigation). 

Precautions: 

L) Yaccination tor all dental personnel. 

2) Rubber goves (even double gloves), ask, eye siuelds full lengil gowns. 

3) Low speed instruments, 

4) Dispose instruments after use e.g. files, burs, efc. 

+) Disinfect operating area with 2% glutaraldehyde solution and place all 
used Instruments m the solution for | hr before sterilization. 

6) Lreat at the end of tne day. 
















luunune-suppressed stales Antibiotic coverage if infection is present. 





Paticnts on corticosteroid 
or drugs to maintain organ 
transplants 


Possible curuicasierou supplements by GMP during and alter endadamiic 
treatment, 









Any extraction is necessary to be carried out before radiotherapy to pre- 
vent ostco-radionccrosis. Root canal treatment is preferred to cxtraction 
after therapy. 


Radiotherapy for malignant 
disease 






+ OMP= exiecral medical oractit oner, * LAS Local Anasthesia 
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(C) Past dental history: 


Tt gives an idea about the degree of 
sopistication of the patient and his interest ir 
keeping his dentition in a healthy condition. The 
patient’s pas: dental experience, e.g. previous 
restorations or extractions, could give valuable 
information e.g. allergy to local anesthesia 
or rubber dam material, excessive bleeding 
following extractions, previous trauma or 
recurrent abscess. The dental history should 
include the following questions: 


l- What is the patient’s past total dental 
treatment? 


- What tis the enief complaint? 

3- What is the history of the chief complaint? 
d- Has the patient had any recent filling? 
5 


- Were there any unusual problems conceming 
the tooth, such as pulp capping, pulpectomy 
procedure or a large restoration performed? 


6- Has the tooth ever been subject to a siarp 
blow in an accident of some. kind? 


7- Has a swelling or a gum boil arourd the 
tooth ever been noticed? If yes, what did the 
patient do? 


$- Has there beer ary drainage from the tooth 
or gum? 


Purpose: Ofter, the prolem tooth can be 
localized by taking the dental history. 


(D} Present dental history (chief enmplaint} 

The chief complaint should be recorded in 
the palient’s own words. Careful questioning 
of the patient must be conducted and subjective 
symptoms should be recorded to evaluate the 
patient's problem. 


The following are typical questions that may 
be asked: 


[- Is the pain present now? 


Z2- Whattype is the pain sharp’ dull? throboin g)? 


3- Ts the pain localized or diffuse? 
4- Is the pain intermittent or continuous? 


5- What orings the pair or? Is it cold apphca- 
tion heat, pressure,mastication,lying down, 
sweet or sour foods or drinks? Or does tl 
occur suddenly without any cause? 


6- Are there anyreligviog factors? Analgesics, 
application of cold? Oris it self limiting? 


7- Does il go away by itself or do you have to 
take medication? 


8- Does hot or cold make it feel better? 


9- Does the tooth feel loose? If yes, when did 
you first notice it? 


l0- How long does the pain last? 
Such questions give. an idea about: 
- (rset of pain (sudden, gradual). 


Quality (throbbing, dull 


laneinating). 


aching, 


- Duration (prolonged, short). 
- Intensity (severe, moderate, mild). 


- Location (diffuse, localizable). 


- Course (momentary, lingering, 
spontane nus). 
- Relieving factors (sell-limmiling, 


analgesics, cold...). 
-Elwing factors (hoi, cold, lying down, 
Diting....). 
- Recurrence. 
NV.B.; Four words in tne patient’s complaint 
could be of significance in ideculying pulp and’ 
Or periapical conditions, namely: federness, 
tarobbinp, lingering, and sportateonus, 


Purpose: A tentative diagnosis carn often be 
made frorn the subjective symptoms. 
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IL. Clinical examination 


A) Extraoral examination: 
{i}? Vital signs: 
Breathlessness, color changes, altered fait or 


unusual body mouvement, 


* Blood pressure: 
Normat Patient less than 60 years old =120 
‘80 mmHg. Patient above 60 years old = 140 
‘90 mmHg. 

+ Pulse rate: Normal = 60 -100/ minute. 

* Respiration Rate: Normal = 16 -18/ minute. 

* Temperature: Normal = 98.6° F or 37°C, 

+ Cancer Screen Of needed). 

{2} Visual inspection and bimanual 
palpation to examine: 


+ Color of the eye and face or body skin. 


* Face, lips, neck and TMJ (dysfunction/ pain/ 
cracking sound). 


« Facial asymmetry, localized swelling or 
sinus tracts Fig. (1). 

« Sofft Gssue trauma, burns, bruises, abrasions, 
Cubs OT SCAS. 

a Lymph node enlaryernent Fig. (2). 


« Skin disease. 


B) Intraoral examination: 
jf} General exanunation: 


Visual and bidigital paipation to examine signs 
observed by clinician in the oral cavity c.g. 


Missing or supernumerary teeth. 
- Gingival condition. 
- Soft tissue lesions, palate, tongue, buccal mucosa. 
- Hard tissue condition. 
- Floor of the mouth, any swellings/ bony exostosis. 
Alveolar mucosa, occlusal contact. 
- Salivary glands duct stoma. 


- Draining sinuses, ulcers and pigmentations. 
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Fig. 2. Extmoral palpation to detect lymph node 
enlargement. 


{2} Examination of the tooth in question: 

a) Visual test: 

Using mirror, probe, tongue blade, saliva 
ejector, fiberoptic flight to examine: 


l- Discolored tooth “/hypoplasia/ enamel loss/ 
cracks/ craze lines. 


2- Deep caricus lesion’ attrition’ cervical erosion. 


3- Defective restoration’ leaky full-coverage 
COUWITs . 


4-  Intra-oral swelling. 

5 Fistula, sinus tract. 

& Traumatic occlusion/ occlusal wear facets. 

7- Fractures, anomalics das developmental 
lingual groove). 
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b) Percussion test: 

Although it does not indicate the health or 
the infcgrity of the pulp, if reveals the condition 
and spread of inflammation in the periodontal 
tissucs. 

e The patient should be first aware of the 
normal sensation by doing percussion on the 
contra-lateral tooth for comparison. 

e When thepatient reports severe painonbiting, 
the percussion test should be performed with 
digital pressure (index finger). 

e Gentle tapping is dane with the handle of 
the mirror vertically on the occlusal/incisal 
surlace Fig. (3) as well as horizontally. 


Positive (+ve) response to percussion could be 
due to: 
l- Apical periodontitis as a result of: 
a- Extension of pulp inflammation. 
b- Traumatic occlusion. 
c- Over-instrumentaton. 
2- Acute periapical abscess. 
3- Sinusitis. 
4- Premature contact of high restoration. 
5- Cracked tooth, 


¢) Palpation test: 
Detecnot of 


o Spread of inflammation from periapical 
(issues (O IMUCUOpETIUSIELUIIL. 


o Tendemess, location, extension and 
consistency 
Technique. 


it is performed by bilateral rolling of gloved 
index finger on the mucosa overlying the 
apices, while the mucosa ia pressed against the 
underlying cortical bone Fig. (4). 


Purpose: 


l- Certain clinical situarions are primarily evident 
only during palpation (when periapical m Ham- 
mation develops after pulp necrosis). Inflam- 
matory process may burrow ifs way through 
the facial cortical plates and begins to affect 
overlying mucoperiosteum. This will be de- 
tected by gentle palpation before incipient 
swelling becomes clinically evident. 






Fig. 3. Percussion test. 


Fig. ©. Intraoral paipation 


2- Detection cf the intra-oral swelling and its 
extension. 


3- Detection of consistency of a present 
intraoral swelling; fluctuant, indurated or 
provides egc-shell crackling sensation. 


4- [Differentiation af the normal landmarks, c.g. 
bony exostosis, from pathological swellings. 


itxeampie: When a mandibular tooth 1s ab- 
scessed, digitally palpate the submandibular area 
to detect whether it has been affected. 


N.S.) Phe cxaminations most cHective, whenit 
is performed bilaterally. 


d) Periodontal evaluation (probing): 


No dental examination is complete without 
careful evaluation of the periodonlal support and 
attachment level of the teeth. There 1s a potential 
communication existing between the pulp and 
the periodontium. 
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Technique: The sineival crevice is probed all 
around the tooth at 4 to 6 positions and tested 
for pocket depth if exists, plaque? calculus, 
gingival’ suleular bleeding’ drainage, or furcal 
involvement in multi-rooted teeth. 


Besides, periodontal stability is a basic 
requirement for any tooth being considered for 
endodontic therapy whicn is determined by: 


a- Amount of bony support. 
be Health of the bony suppuri. 


c- Health of the overlying soft tissue. 


c) Mobility test: 


fechnigne: Pressure is applied with handles 
of 2 mstruments in a facio-lingual direction. 
One 1s placed buceally and the other lingually. 
Finger pressure. should not be used to avoid 
false sensation of the soft tissue in the tip of the 
fingers. 


Purpose: Delecis lhe inlegrilty of alveolar 
attachment and ziyes an idea about the 
periodontal status around the tooth. 


Degrees of mobility: 


Grade f: (less (nan | um) physiologie, not felt 
2y the patient or the dentist. 


Grade IF: (1 mm) felt 2y dentist and not dy the 
palienl; may require splinting. 


Grade HE: (more than | mm} felt by both dentist 
and the patient. 


C) Diagnostic aids: 
[i] Radiograph: 


It is one of the most important and valuable 
tools to establish diagnosis, as tne endodontist 
can visualize what he cannol see or [eel during 
the process of diagnosis and treatment. However, 
we cannot rely only on the radiograph, as it has 
many limitations. 


The following questions should guide fhe 
clintctan’s examination: 


l- Is the lamina dura intact or there loss of 
lamina dura? 


2- Ik the bony architecture within the normal 
liumils? 
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Is the root canal system within ‘he nomnal 
limit or does it appear to be resorbed or 
calcihed’? 


4- What anatomic landmarks could te expected 
in this area? 


N.B. Radiographic interpretation should be 
done in an organized habitual manner, so that 
nothing is overlooked. 


I) Preoperative: 


To find out if the tooth is dicated for roo: 
canal trealment and extrapolate a numer of dala. 


¢ Size and level of pulp chamber. 

¢ Number and curvature of roots and canals. 
« Calcifications, stones, and resorption. 

« Apical closure and apical anatomy. 

* Root length and size. 


¢ Periradicular pathosis, lamina dura and 
lesion 2xicnusions, alveolar bone supperi, 
periodontal membrane space. 


* Previous treatments (restoration, 
capping, pulpolomy). 


s Analomucal landmarks, 


pulp 


* Searching for root tips and location of root 
apices during anicoectomy. 


The presence of an extra root or root canal 
is much more common than was previously 
thought. Whenever the ontline of the roof 1s 
unclear or has an unusual contour, one should 
suspect an additional root canal: the mystery of 
Anding an extra canal is more perplexing than 
tne extra root itself. 


Hints on how fo detect fhe extra carat: 


- By following the image of the file placed 
within a canal along the length of the root, if 
an extra dark line is. apparent in the coronal 
third of the root, running parallel to the in- 
strument, an 2xtra canal should be suspected. 


Example. A second mesiobuccal canal in the 
maxillary first molar has an incidence of 51-69% 


- Anabrupt,sudden change in the radiolucency 
of a canal probably signalizes the beginning 
of an additional canal and Shift fechnignue is 


recommended for confirmation. 
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2) During operation: 

l- Tooth length determination, 

2- To detect any obstruction during work s.g. ledge. 
4- Perforation. 

4- instrument fracture and 1s level. 

3- Verification of the master cone, 


4) Postoperative: 
l- Post-trealmient evaluation, 
2- Follow up. 


Limitations of x-ray: 

l- ‘Two-dimensional image For a three-dimen- 
sional object (mesio-distal and oveluso-ver- 
yical, but not the BL). The third dimension 
ean ae obtained via an peclusal film. 

2- Too long or too short image, according to 
the angle of the x-ray cone. Hence, no exact 
working length can se provided, but rather a 
radiographic length that needs to be adjusted 
and confirmed by other means. 


3 Tt cannot identify diseases, 


4- ‘Too dark or too light image; can not 
determine the exact density of the bone and 
dentin (hard tissues). 

5- Ina double-curved root, it cannot determine 
the correct working Iengtn, so it needs a 
radiologist who can recognize it. These areas 
appcar morc radio-opaquc, known as x-ray 
twice or double curved. 

6 Pulp condition and soli tissue changes can 
not be radiographically detected. 

7- Lesions of the medallar bone are likely to go 
undetected unul resorplion is considerazle 
and has expanded and eroded a portion of 
the cortical plate. 


8- superimposition for which Shift technique 
is recommended to separate between the 
overlapped structures. 


Common techniques of dental radiography 
used in endodontics: 


l- Bisecting tecomigue. 

2- Puaralleling leehmiqgue. 

3- Shift technique (Clark’s mule or Buccal 
Object rule), 


It states that the most distant object from the 
cone moves toward the direction of the cone. 


fechnigue: 5° to l0? change in the horizontal 
angulation from the straight-on position of the 
cone. 


Importance of Shift technique tn Endodontics: 


l- Tooth length determination in posterior teeth 
ew. maxillary premolars and mandibular 


molars Fig, (5). 


2- Moves the anatomical landmarks, such as zy- 
Zomatic process, improving the radiographic 
visualization of the obscured obpects. 


3- Distinguisies between anatomical landmarks 
and radiolucent shadows associated with the 
patnosis of the root of the tzera. 


4- Distinguisnes between intemal & external 
resorption. 


Recent advances tn radiography: 


* Digital radiography [e.g. RadioVisioGra- 
phy (RVd>)] Fig. (6): 


it depends on a programmed computerized 
recciver that processes signals from an intra- 
ural sensor thal is slimulaled by X-ray [rom a 
Standard macc1ine. 


The computer-enhanced signal then appears 
immediately on the video monitor as an image. 


his image may then be varied in: 

l- Size (zoom for enlargement), 

2- Contrast 

3- Finally, it can be printed out or stored in the 
computer for recall. 

Orygital inage requires: 

l- Elevtrome sensor or detector, 

2- Ananalogue-to-digital converter. 

3- Computer. 

4. 


Monitor or printer for the image display. 


Advantages: 

l- Theradiographic image is obtained immediately, 
2- Elimination of x-ray film processing. 

3- Radiation exposure is reduced by about 


SDE- 90% than the conventional Alm- based 
Tadhograptiy. 





Fig 5. Horizontal shift technique to separate superimposed 
zanals om adioy: api. 
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Fig. 7. CBCT software. 
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Disadvantages: 


| Potential reduction in the image quality when 
compared to conventional radiography 


2- High cost, 


© (Cone-Beam Computed 
(CBCT) Fig, (7): 


Until abou! LO years azo, routine radiography 
consisted of only two-dimensional waving 
with limitations encouraging the need for three- 
dimensional imazinz, known as cone-beam 
computed tomozraphy (CBCT) or cons-bsam 
volumetric imaging (CRV D}. 


lomography 


Most of these macnincs are similar to a 
dental panoramic device, whereby the patient 
is exposed to a cone-shaped radiograpijic beam 
directed to the target area with a reciprocating 
capiuring sensor on ‘he upposite side. The 
resulting information 15 digitally reconstructed 
and interpreted to create interface whereby 
the clinician can [nrec-dimensionally interpret 
“slices” of the patient’s tissues in several planes 


[2] Pulp sensitivity tests: 


These tests are based on stimulating the pulp 
sensory nerve fibers by either a thermal or an 
electrical stimulus and analyzing the response. 
According to the type of stimulus, tests are: 


a- Thermal ‘est (Thermometric evaluation). 
i» Electric pulp test (Blectrometric evaluation). 
a) Thermal tests: 


Thermal ‘ests are especially valuable 
diagnostic aids, because, in certain types 
of inflarned pulps, pain may be induced or 
relieved by applying cold or warm stimuli. 


The idea of thermal tests depends on the 
thermal tolerance zone of dentin, whieh 
is From 20" to SPC, so dentin isolates any 
change in temperature within this range. 


Hefare proceeding: 


l- The procedure of the thermal test should be 
explained to ‘he patient. 


2- Demonstrate the fest on several tecth or the 
contra-lateral tooth for comparison. 
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3- The clinician and the patient should agree on 
the siznals al wich the patient can indicate 
immediately the fecling of pain. 


4- ‘Tooth should be tsolated and dricd by 2 x 
2-inch gauze. 
5 The stimulus is applied on the middle or 


incisal thirds of labial surtace of toota or on 
the ocelusal surface. 


Cold test: 


Cold testis more reliable in the differentiation 
aelween reversizle and irreversible pulpitis than 
in the differcntiation between vital and necroue 
pulp. Teeth with calcified pulp space may be 
vital, out cold may not be able to excite the nerve 
endings. 


Cold lest can be mude with: 
l- Air blast. 
2 Cold water bath. 


3- Ice stick (seldom used, because they may se 
wani winen applied tothe teeth and fall onto 
the gingival giving afalse + ve response). 


4- Ethyl chloride (-53°F) Fig, (9). 
> llori-methane sprays (-21°E). 
0- Carbon dioxide (CO) dry stick (-77°or 


108°F) excessive cold may cause infraction 
lines in enamel or damage the healthy pulp. 


Kickaff reported that CO, snow applied to tne 
woth for 5 minutes did nol jeopardize the health 
of the pulp nor damage the surface of enamel. 
On the olner hand, il causes piling of porcelain 
crowns. 


Hot test: 


Can be more rehable to differentiate between 
vital and necrotic pulp. 


Hot testis performed using: 


l- Gutta-percha stopping (gutta-percha is 
waned, formed imo a cone, applied to 
the instrument, reheated and applied to tne 
lecili). 


2- Rotating adry prophy cup to create frictional 
heat. 


3- Hot water bath Fig. ($). 





Fig. & Water bath. 





Fiz. 9. Cold lest. 


NB: Cold or hot water bath, thongy time 
consuming, is tie mostaccurate method because: 


l- Use of water allows the cntirc crown to he 
immersed and not just one section of the 
toot, 


2- Cold or hot water bath prevents excessive 
[temperature damage to the tooth. 


3- Allows simulation of clinical situation. 
Response to therinal fests: (4 possible responses) 


l- Mild-to-moderate degree of awareness of 
slight pain that suzsides witam 1-2 seconds 
atterremoval of the stimulus (normal limits). 


2- Strong, momenlary, painlul response thal 
an hsides within |l-2secondsaftertrestimulus 
has been removed (reversible pulpitis). 


3- Moderate-to-strong, painful = response 
[nat lingers for some seconds’ minutes 
after the stimulus has been removed 
(irreversible pulpitist. 
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d- No response, mdicales nevrolic pulp, rece 
trauma or excessive calcification. 


b) Electric pulp test (RPT): 

l- Tl detecis ihe sensitivity of the pulp by 
stimulating a response of the pulpal sensory 
nerve f.ters using an electric current, which 
must first pass through a resistant layer of 
enamel Fig. (10). 

2- The +ve response means that there are 
neural elements (sensory nerves) inthe pulp. 
However, it docs not mcan that the pulp 1s 
lolally macl, because the neural elements im 
the pulp are the last to degenerate, 


à- EPT docs not provide any mformation about 
the vascular supply of the pulp, whieh is a 
true determination of the pulp vitality. 


N.i.: EPT should not be uscd ona patient with a 
cardiac pacemaker for fear of arrhythmia. 


Variables that can influence pulp testing: 


l- Age, 


te 


Mental and emotional stress, 

3- Drug influence. 

4- Pain threshold level of the patient. 
5- Condition of the tecth. 


dechnigue: 
1- Siemen’s EPT: 


Two electrodes, the patient holds one in 
his hand and another on the tooth, are used 
and the voltage is increased tien the patient 1s 
asked about his sensation. The problem is that 
the patient ean become afraid that tne electrode 
in his hand may give him an electric shock, so 
many Icave it to fall givimg a false reading. 


2- Monopode EPT: 
* Attached to unit. 


* The same as before, but you do not have 
to complete the circuit with the patient. 


3- Battery-operated EPT: 


As tne previous onc, but has its own battery 
for power. One of its limitations is that wren 
the battery 1s off, there 13 no way to know and it 
will give a albe readmy, so the bullery must be 


checked daily. 





Fig. 10. Rlectric pulp tester. 


Limitattons of EPT: 


Although it 1s a valuable diagnostic aid, it 1s 
not reliable It provides mformation tnat must be 
confirmed by other tests. 


l) False -ve: 


l- Revently-eruplted tooth: Up to 12 vears, due 
to the neural clement, which 1s a highly- 
specialized tissue and the last to mature. 


b 


- Recently-traumatized tooth: Tne tooth is in 
a State of shock, Edema causes pressure on 
the nerve endings giving no response. ‘lest 
should be repeated after 15 30 days. 


$- Diffuse pulp caler cation. 
4- Presence of reparative dentine. 


5- Inadequate contact >etween the electrode 
and cnamel. 


2) False +ve: 


l- In case of multirooted teeth, where one root 
canal has necrosed and the other has vital 


pulp. 


2- Liquifactive necrosis; it 1s not vital, but can 
resultin - ve response because of eletrolytes. 


36 ‘looth is not dry (thin film of saliva). 


d- Gingival response due to the wrons pusilion 
of the tip. 


5- Electrode placed near a large metallic 
restoration. 


Anxiety. 


Recent advances for vitality testing: 


Vitality tests: They test the vascular element 
and the blood circulation of the pulp tissue, 
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a) Laser Doppler Flowmetry (LDF): 


Measures the pulpal blood flow and, thus, 
‘he degree of vitality. The acuility to measure 
pulpal blood flow using LDF was first shown 
in L986. 


Tas was followed by a demonstration that 
LDF was capable of assessing ‘he vitalily 
of the tooth and = re-vascularisation of 
(raumatized tooth. 


The equipment used is a laser diode emitting 
light. This instrument uses a probe ‘hat is 
held on the buceal surface of the tooth during 
measuremen' Fig, (11). 


Thuis probe has three fibers: 


One fiber carry mg laser light to tne pulp tissue. 
Two fibers carrying the back-scattered light 


to a detector, giving purpur signals Fig. (12). 


kr 


Frans etal. found that signals were 42.4% lower 
in necrotic teeth tian in vital teeth. 


Advantages: 


High accuracy 


Can be used with: 
- Anxious patients. 
- Mentally-retarded paticnts. 
- Very youna patients. 
- Unconscious patients. 


Disadvantage: 


Too complex and time consuming for the general 
dental practitioners’ clinic. 


b) Pulse Oximetry: 


Records oxygenation of the pulpal aloud 
Jow. 


The Pulse Oximeter Fie, (13) has emerged 
as (ie non-invasive monitoring device for 
determining the oxygen saturation and the 
pulse rate of patients under intensive care 
or during sedation procedure. 


The principle i simple m that heht 
(red and infrared wavelengths) is passed 
from photoelectric diode across a part of the 
body and into a receptor. 











Sig. 12. Mechanism of action of LDP. 
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Pip. 14. Pulse Obs neler. 


The difference between the light emitted 
and the hight received is calculated in a 
microprocessor to provide pulse rate and 
oxygen saluralion reading, 


Two wavelengths of light are emitted from 
the diode to detect oxygenated nemoglobin 
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(Hb) (arterial blood) and de-oxygenated Hb 
(venous blood). It is the ratio of absorbency 
of wavelength that provides the percentage. 
of oxygenation of the blood. 


» Although all tnese methods are successfully 
applied in medicine and in dental researches, 
they have been less successfully applied to rou- 
une endodonties dee w Lae fact that tie circu. 
lating system of the pulp is encloscd within a 
rigid structure, therefore, it is difficult to study 
without extensive tissue removal. 


© Liquid crystal destiny (cholestertc liquid crystal) 


Cholesieric liquid crystals have been used Dy 
several mvestigators to show the difference m 
toot temperature between a vital (hotter) pelp 
and necrotic (cooler) pulp. 


ud) Hughes Probeye camera: 


It is capable of detecting temporary 
changes in temperature as small as ).1°C*; Fuk, 
experimentally measuring pulp vitality. 


[3] Selective tests for diff cult clinical sifwativns: 
a) Occlusal pressure test (Biting test): 

Pain on biting could be due to: 

s Apical periodontitis. 


» Apical abscess. 
®* [neomplete tooth fracture? cracked tooth. 


Clinical test simulating the chief complaint in 
the occlusal pressure fest tacludes: 


We dgttig force applied by biting on: 
l- Orange wood sticks 

2- Rebber dise. 

2- Wet cotton roll. 

4- Tooth slooth lig. (14). 


All these items have the ability tuo simulate the 
bolus of food and apply pressure on the occlusal 
surface lo deleelerown [Tacture as well as cuspal 
shear fractures. 


Tooth slooth allows pinpoint testing of 
each individcal cusp. Wet cotton rolls have the 
advantage of adapting to the occlusal surface, 
allowing pressure over the entire occlusal table. 














Application of a stain (mythelene slue) before 
biting on cotton or wood stick, followed by 
cleaning with 70% alcohol results in exhibiting 
the [racture lines clearly stained Fip. (15). 


b) Trans-illumination test: 


Technique: In dim light, fiberoptic light 
is applied to one surface of the tootn then the 
dennst examines the tooth from the other side 


Fig. (16). 


fo defect: Internal resorption, cracks or proximal 
decay. 





Fiz. 14, Tooth Slooth 





Fig. 16. Trans-tiiumination test. 
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c) Anesthesia test: 


To determine the exact tooth responsible 
for the aching pain acting as its primary source 
while it is bemy referred to the opposite arch 
or the adjacent tooth. This is achieved by 
intraligamentary myjection of the tested tonth 
with 0.2 ml of local anesthesia. 


d) Gutta percha pointtracing with radiograph: 


fechnigue: Place a gutta-percha point 
through a fistulous tract and take a radiograph 


Fig. (17). 





Purpose: 


i- Relatme the endodontic lexon to the dis- 
eased tooth. 


il- Differentiate periodontal lesion from end- 
odontic lesion, 
e) Cavity lest: 
In case of extensive composite resil 
restoration or a ceramic crown, a small class | 
preparation 1s made through the crown with a 


round bur so that when it touches the dentine, a 
response 1s received from the vital tooth. 


III. Laboratory Investigations: 


Laboratory investigation could he recom- 
mended in case of suspicion as blood glucose 
level, bleeding time, clotting time, kidney func- 
tion test and level function test ... etc. 


Recent advances in endodontic diagnosis 
« Dental operating microscope (DOM): 


Being used in medicine for years, the Dental 
Operating Microscope (DOM) has represented 
the evolving art and science in endodontics 
since its introduction in 1992 by Dr. Gary Cart. 
It has hecome an extremely valuable tool when 
performing endodontic diagnosis as well as 
during treatment (Fiz 18-20). 





Pig. 18. Hidden orifices and extra second mesio-buccal canals 


delected by DOM in maxillary brst molars. 
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Fig. 20, Diagnoris of vertical root fractures. 
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|. Define endodontic diagnosis, and mention its main routes. 


2. 


å. Discuss the importance and procedures of the pressot dental history (chief complaint). 


Discuss the importance of accurate medical history taking. 


4.0) Mention the main steps of clintizal examination with emphasis on intraoral examination. 
5. Discuss the different diagnostic aids of importance ta endodontic diagnosis. 

6. Discuss the importance and limitations of endodontic radiography. 

7. Discuss the recent advances in 2ndogontic radiography. 


OB. Discuss ihe naporlance aml [ini alnns ani rscen! acwances rn pulp vilality testing 
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STRUCTURE AND FUNCTION OF THE DENTIN-PULP COMPLEX 


ental pulp is a unigue non-miner- 
alized soft connective tissue that 
occupies the central pulp cavity of 


each tooth. 
The nnigueness of the pulp is attributed tu: 


* Pulp is completely surrounded by rigid 
mineralized dentin which limits its ability 
to expand during episodes of vasodilatation 
accompanied with inflammation. 


* Pulp lacks collateral system and few 
arterioles entering through fhe apical 
foramen. 


* Pulp has the ability to form dentin throughout 
life. 


* Pulp consists primarily of scnsory fibers 
which enables it to function as exquisitely 
responsive sensory system despite its con- 
finement by enamel and dentin. 


Functions of the Dental Pulp: 


l. Inductive: very carly in development, the 
dental papilla (the future pulp) interacts 
with the oral epithelial cells, leading 
to differentiation of dental lamina and 
enamel organ formation and initiates tooth 
formation, 


2. Formative: involved in the support, 
mainfenanec and continued formation of 
dentin. 


3. Nutritive: maintains dentine vitality by 
providing oxygen and nutrients to the 
odontoblasts. 


4, Protective: development and formation of 
secondary and tertiary dentin which increase 
the coverage of the pulp. 


5. Defensive: triggering of inflammatory 
and immune response. Pulp helps in 
recognition of stimuli like heat, cold, 
pressure or chemicals by ifs sensory nerve 
fibers. The vasomotor innervations controls 
the muscular wall of blood vessels which 


regulafe hlond volume and rate of blood 
flaw and hence intrapulpal pressure. 


6. Sensory: Is rich innervation alerts the indi- 


vidual when injury occurs to dentin and pulp. 


The dentin-pulp conmplex 


The dentin and pulp function as a unit; they are 
related to each other: 


l. Fimbdryologicaifp: Both are derived from 


ectomescnchymal cells af the dental papilla. 


2, Anatomically: Tome’s fibers constituting 


third of (ie dentin structure, are protoplasmic 
processes Uf uduntoblasts which are cells of 
the pulp. 


3, Physiologically: Dentin provides thermal 


protection to the pulp, while pulp provides 
nutrilon to dentin. 


Dentin Structure 


Highly mineralized connective tissue consisting 


ul: 


70% inorganic material (Calcium hydroxyapatite). 


20% organe imalerial (about 91% collagen; 
mainly type I and minor component of type 
V, and non-colla genous proteins). 


10% water. 
Types (Fig. 1): 

1. Primary (developmental dentin: Is 
the dentin formed in a tooth before the 
cummpletion of the apical foramen of the 
ruut. lt is noted for its regular pattern of 
tubules. 


2. Mantle dentin: Is the outer, first min- 
eralized layer of primary dentin formed 
and is produced by odontablasts that are 
nol yel fully differentiated and stluated 
immediately adjacent fo the enamel or 
cementum. Mantle dentin can be rec- 
ognized by the characteristic thick, fan- 
shaped collagen Aibers. It is also slightly 
less mineralized than underlying dentin. 
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Circumpulpal dentin: Is formed after 
the layer of mantle dentin has been 
formed and constitutes the major part of 
developmental dentin. 


. Predentim: Ts um-mimeralized organie 


matrix laycr of dentm and situated 
between the odontoblastic layer and the 
mineralized dentin. The collagen fibers 
of predentin undergo mineralization at 
the predentin-dentin front; the predentin 
then becomes dentin and a new layer of 
predentin forms circumpulpally. 


Dentinal tubules: A characteristic of 
human dentin is the presence of tubules 
Chat occupy [rom 1% (superficial dentin) 
to 30% (deep dentin). The dentinal 
tubules slightly taper with wider portion 
situated toward the pulp. In coronal 
dentin, the tubules have a gentle S-shape 
as they extend from DEJ to the pulp. 
This results in crowding of odontoblasts 
as they migrate toward center of the 
pulp. Near the DEJ, the dentinal tubules 
ramity into one or more terminal 
branches. 


.Intertubular dentin: Is the dentin 


found between the dentinal tubules and 
constitutes the bulk of dentin. 


~Iniratubular {Peritubular} deniin: 


Is the dentin lining the inner walls of 
the dentinal tubules. It differs from 
intertubular dentin by having relatively 
[ewer collagen fibrils and higher 
mineral content making it harder and 
more quickly dissolved in acid by acid- 
etching agents. 


. Secondary (physiologic) dentin: Is the 


dentin that is formed after the comple- 
tion of the apical foramen and formed 
throughout the life of the tooth. 


Tertiary denti: Is the dentin that is 
formed as a result of pathologic stimulus 
such as caries or occlusal abrasion to 
protect the pulp from noxious stimulus 
and subdivided into: 
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a) Reactionary dentin: secreted by the 
original odontoblasts m which the den- 
tinal tubules within, are continuous with 
those of primary and secondary dentin. 


b) Reparative dentin: secreted in case 
of death of orginal odontoblasts by 
odontoblast like cells which differentiate 
trom mesenchymal stem cells present in 
the pulp. There is no continuity between 
dentinal tubules of reparative dentin and 
overlying primary and secondary dentin. 


10,Dentinal sclerosis: Partial or complete 
obliteration of dentinal tubules may 
occur as a result of amg or develop 
In response to persistent stimuli such 
as attrition or dental caries. (iradually, 
the tubule lumen is filled with mineral 
deposits that may help to prolong pulp 
vitality and reduce dentin permeability. 
Dental seelerosis ws easily recogmzed 
in histologic ground sections because of 
its translucency (due to homogeneity of 
the dentin). 


Mantle dentin 


Tertiary dentin 
Primary dentin 


Secondary dentin 
Predntin 


hig. | Diagram ‘illustrating different types of dentin. 


Pulp Structure: 


Morphologic zones of the pulp (Fis. 2-3): 


L. 


Odontoblast Laycr (peripheral zonc) 


The outermost layer of the pulp and lo- 
cated immediately subjacent to the Pre- 
dentin and passes through the Predentn 
into the dentin. 
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STRUCTURE AND FUNCTION OF THE DENTIN-PULP COMPLEX 


It is composed of the cell hodies of the 
ododntoblasts in addition to capillaries, 
nerve fibers and dendritic cells among 
the odomloblasts. 


The odontoblast layer in the coronal pulp 
contains nore cells per unit area than in 
the radicular pulp, so the odontoblasts 
cells spread out laterally in radicular pulp. 


Cell-Poor Zone (cell-free layer of Weil): 


Immediately subjacentto the odontoblast 
layer. 

40 pin width and relatively free of cells. 
It is traversed by blood vessels, 


unmyclinated nerve fibers and 
cytoplasmic processes of fibroblasts. 


Relatively diminished in young age 
(denon forms rapidly) and older pulps 
(reparative dentine formation). 


Cell-Rich zone: 


It is the layer subjacent to cell poor zone. 


It is more prominent in the coronal pulp 
than in the radicular pulp. 


Contains fibroblasts, macrophages, lym- 
phocytes, dendritic cells and undifferen- 
Guled mesenchymal ster cells (UMC). 


It is formed as a result of migration of 
cells from pulp proper. 


Mitosis is seen when dead odontoblasts 
are replaced. 


Pulp Proper (central zonc) 


Tt ps the central mass of the pulp. 


Consists of loose connective tissue and 
contains the larger blood vessels and 
Nerves, 


Fibroblast is the most prominent cell in 
this zone. 


Fu bo dontob leek. 
Fletue af server 


Mineralized 


dentin ——, 


Predentin 


Gall rich 
ioma 


and capliigriag 





Fig. 2-3 Morphologic zones of mature pulp. 


Structural Elements of the Pulp 


The dental pulp is a connective tissue, like other 


connective tissues in the body; it consists ol: 


Cellular Elements, Extracellular Elements 
and Supportive Elements. 


I} Cellular Elements of the Pulp: 


A. Pro 


enitor Cells’ Undifferentiated Mics- 





enchymal Stem Cells (UMCs) 


Stem cells are the body's tester cells 
that regenerate the body’s many cells, 
tissues and organs. 


The most commonly known source of 
adult stem cells is bone marrow, which 
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contains both hematopoietic stem cells 
(forms all ‘ypca of blood cells) and 
mesenchymal stem cells (also found in 
teeth), 


UMCs in the pulp are usually found 
along the walls of the hlond vessels and 
m cell-rich zone. 


They are multipotent cells which can 
differentiate under adequate stimulus 
(Le transforming growth factors and 
bone morphogenie proteus) ito other 
mature cell types (odontoblast, fibroblast 
or macrophage) according to the need, 


i.e. they may differentiate into: 


- (dontoblasts ... in case of odontc- 
blasts mjury or death. 

—~ QOdontoblast-like cells ... that form 
calcified tissue under the pulp 


capping or pulpotomies. 


— Odontoclasts ... responsible for in- 


tema! resorption. 


They are smaller than fibroblasts but 
have a similar appearance. 


In older pulp, their number and ability to 
differentiate decreases, 


Recently, have been used in regeneration 
of pulp m unimalure teeth. 


B. Formative cells. 


D Odontoblasts (Fig. 4): 


They line the pulpal surface of dentin 
and separated trom dentin by a layer of 
nredentin. 


The number of odontoblasts corresponds 
to the nmurnber of dentinal tubules (ayeraze 
of 59.000- 76.000 odontoblasts per Squnin 


in coronal dentin, less in root dentin). 


Each odontoblast has a cell body (per- 
karyon) and one odontoblastic process 
(Tomes fiber) that runs inside the den- 
tinal tubule. 
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The odontoblastic process extend from 
the cell body to the inner 1/2 of dentin, 
with the outer 2/3 of the dentinal tubule 
is devoid of processes or of nerves but 
filled with extra-cellular fluid. 


Shape: 


In pulp chamber ... pseudostratified 
columnar 


— Coronal portion of rot ... tall columnar 
— Mid portion of root... cuboidal 
— Near apical foramen ... flattened 


The odontoblasts arc arranged in 
a single layer, yct in corona! pulp, 
odontoblasts vary in height and their 
nuclei are not all at the same level giving 
a palisade appearance which makes the 
laver appears to be three to five cells in 
thickness even though there 1s only one 
actual layer of odontoblasts. 


Numerous junctions such as gap junctions, 
tight junctions and desmosomes arc found 
between odontoblasts. promoting cell to 
cell adhesion and indicating exchange of 
ions and small molecules. 


Function of odontoblasts: 
Secretory rote: 


The principle cell in dentinogenesis 
responsible for synthesis of organic 
matrix through secreting: 


_ Collagen type | and fewer of type V 
b. Non-collagenous elements including: 


— Proteoglycans ... synthesis of or- 


ganic matrix. 


— Phosphophoryn ... for extracellular 


mineralization. 


— Alkaline phosphatase ... for miner- 


alization. 


Acid phosphatase ... degradation of 
organic matrix 


29 


2) Defensive rote: 


Formation of reparative, peritubular or 


sclerotic dentin. 


3) fnivacellutar acciemmidation af calcin 


Dentin 


Receding ! 
singiva 





Fig. 4. Diagram illustrating odontoblasts. 


2) Fibroblasts (Fig. 5): 


* They are the most numerous cells of the 


pulp, particularly in the cell-rich zone. 


a They are star like cells with ovoid 


nucleus, 


* Function: 


Form and maintain the pulp matrix 
through synthesis of enllagen types | 


and II] and proteoglycans. 


Responsible for collagen turnover 
in the pulp (capable to phagocytose 


and digest collagen). 


ac 
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Golgi Apparatus 


Rough ER 


Fig. 5. Diagram illustrating fibroblast cell. 


C. Defensive Cells: 


1) Macrophages (Fig. 6): 


They are monocytes that have lett 
the bloodstream, entered the tissues 
and = differentiated 
subpopulations (described as histiocytes 
or resting wandering ceils) 


nko VUTIOUS 


Located close to the blood vessels 


Have phagocytic activity cnabling 
them tno act as scavengers; removing 
extravasated red hlond cells, dead cells 
and foreign bodies. 


The ingested material is destroyed by 
the action of their lysosomal enzymes. 





Fig. 6. Diagram il usirating macrophage cell. 
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2) Dendritic Cell (Fig 7): 


¢ Bone marrow 
presenting cells. 


derived, 


« Mostly located in the periphery of the 


coronal pulp close to the predentin, a 


but migrate centrally in the pulp after 
antigenic challenge. 


« They capture andpresent foreign antigen 
to T-cells. 





Fiz. 7 Diagramtl.ustrating dendritic ceil. 


antigen- : 


_——— 


Pad i 
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4) Mast cell (Fig. 9): 


Seldom found in healthy pulps as small 
groups near blood vessels but, commonly 
found in chronic inflamed pulps. 


During inflammation, they degranulate 
releasing heparin (anticoagulant) and 
histamine (inflammatory mediator) into 
the surrounding tissue fluid resulting 
in vasodilatation and increase vessels 
permeability. 


MAST CELL 


re 







Antigen 


Degranulation 





` 


H stam Mes 


Fie. 9 Diagram illustrating mast zll 


5) Additional defensive cells found only in 


3) Lymphocyte (Fig. 8): 


« T-lymphocytes are present m normal 
pulp while B-lymphocytes are scarcely 
found in normal pulp. 


« Mostly located along the walls of the 
blood vessels. 





Fig. § Diagram illustrating T-lymphocyte cell. 


TECHNICA- & CLINICAL ENGIPORTICS 


inflamed pulps 


Poly morph Nuclear Leukocyte (Fiz. L0); 





big. 1) Diagram illustrating polymorph ouclear leukocyte ecl.. 


Absent in normal healthy pulp. 


The most common form cf leukocyte 
in acute inflammation, rapidly migrate 
from nearby vessels, 
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STRUCTURE AND FUNCTION OF THE DENTIN-PULP COMPLEX 


Nucleus - 


* Very effective m destroying and 
phagocvting bacteria or dead cells but 
often cause imury to adjacent cells 
leading to wider zones of inflammation 
and microabcess formation. 


- Plasma cells (Fig L1); 

* Absent in normal healthy pulp. 

* Appear followimye invasion mto the 
area of injury by Polymorph Nuclear 
Leukocyte, so their presence indicate 


persistent irritant and tissue myjury 
(chronic inflammation). 


* Also known to produce antibodies. 


PLASMA CELL 


Golgi 
apparatus 







Antibody 
p 


Fa 


Mitochondria — 


Fis. 11 Diavrarn tllustrating plasma cell. 


IT} Extracellular Elements of the Pulp 


Pulp Interstitium and Ground 
Substance 


The intershtium consists of the interstitial Aid 
and the extracellular matrix and occupies the 
extracellular and ex‘ravascular spaces. 


The extracellular matnx (ECM) consists 
of ground substance and connective tissue 


fibers. 


A) Ground Substance 


It is amorphous (structureless) mass, gel like 
in consistency, makes up the bulk of the pulp 
organ. 


Composed mainly of proteins, carbohydrates 
and water. 


MaaCHOH 
Supports and surrounds pulp tissue cells. 


Forms a cushion capable of protecting cells 
and vascular components of the tooth. 


Acts as a molecular sieve, it excludes lurue 
proteins. While cell metabolites, nutricnts, 
and wastes pass through the ground 
substance between cells and blood vessels. 


COMPOS EON. 


ECM are 
Important 


Nearly all proteins of the 
Proteoglycans which are an 
subclass of Glycoproteins. 


These molecules support pulp cells and 
mediate a variety of cell interactions. 


They have in common the presence of GAG 
chains (Glycosaminoglycans) and a protein 
core to which these chains are linked. 


The primary funcuon of GAG chains is to 
act as adhcsivc molecules that can bond to 
cell surfaces and other matrix molecules. 


In the pulp, the principal Proteoglycans 
include: 


a) Hyaluronic acid. 
b) Dermatan sulfate. 
c) Chondroitin sulfate. 


During acuive dentinovenesis, Cheadrotin 

suijfate as the principal Proteoglycan, 
particularly in the odontoblast and predentin 
layer, where it is somehow involved with 
mineralization. 


With tooth eruption, Hyaluronie arid and 
Dermaiat suifate increase, and Choadrettt 
suffate decreases greatly. 


The Proteoglycan content of pulp tissue 
decreases approximately 50% with tooth 
eruption. 


[degradation of ground substance can occur 
In certain inflammatory lesions that have a 
high concentration of macraphage lysosomal 
enzymes. 
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B) Connective Tissue Fibers 


a) 


h) 


aj 


es a ROE 


Two types of fibers are found: collagen 
and elastin. 


Elastin fibers @ are confined to the walls 
of blood vessels. 


Collagen fibers sarc the major structural 
component of ECM, 


A single collagen molecule, referred 
to as fropocollapen, consists of three 
polypeptide chains, designated as either 
alpha-l or alpha-2 depending on their 
ammo acid comnposiion and sequence. 
The different combinations and linkages 
of chains making up the tropocollagen 
molecule have allowed collagen [fibers 
to be classified into a number of types. 


Type [ and type IM collagen represent the 
major subtypcs of collagen in the pulp. 


Type I collagen is synthesized by odon- 
toblasts, while type IIL is synthesized by 
fibroblasts. 


However, the type of collagen produced 
by odontoblasts to subsequently 
mineralize differs trom the collagen 
produced by fibroblasts that normally 
doesn’t culeily, 


Collagen fibers are scattered throughout 
the pulp or appear in bundles. Collagen 
bundles arc much more numerous in the 
radicular pulp than in the coronal pulp 
with highest concentration found near 
the apex. 


Collagen bundles passing from the 
dentin matrix between odontoblasts 
into the pulp periphery are termed Yon 
K.orffs fibers. 


FEON: 


Collagen fibers have great tensile 
strength uiviny the tissue consisten y 
and strength. 

The network of collagen fibers also 
supports other structural clements of the 
pulp. 
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MI} Supportive Elements of the Pulp 


(Fig. 12): 


A) Blood supply: 


Blood supply of the pulp comes from the 
supcrior and inferior alveolar arteries to the 
tooth by the way of arterioles. 


Main entrance through apical foramen, but 
smaller vessels may enter the pulp by way 
of lateral or accessory canals. 


In the ventral portion of the radicular 
pulp, the arterioles give off branches that 
spread laterally toward the odontoblast 
layer, to fonn a capillary network in the 
subodontoblastic region. This network 
provides the odontoblasts with a rich source 
of metabolites. 


Capillary blood flow in the coronal portion 
of the pulp is nearly twice that in the root 
portion. Where blood flow in the region of 
the pulp horus is greater than in all other 
arcas of the pulp. 


Blood passes from the capillary plexus lo 
post-capillary venules then larger venules. 
The collecting venules become larger as 
they reach to the central region of the pulp. 
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ra aE ign 
{3 E 
Mi E 


33 


34 


STRUCTURE AND FUNCTION OF THE DENTIN-PULF COMPLEX 


* Lymphatics: 


l. 





a) 


b) 


Transcanillary 


Capillary 


Historically, the existence of lymphatics 
iu the pulp has been a matter of debate 
because it is difficult to distinguish 
between blood and lymphatic vessels by 
ordinary microscope. Recently, specific 
lymphatic markers have been applied 
and an extensive system of lymphatic 
vessels in the pulp is now recognized to 
exist, 


Lymphatic. vessels form fne network 
near odontoblast laycr and Weil's zone. 
Larger collecting lymphatic vessels run 
along the blood vessels, and exit through 
the apical foramen to drain filtered 
fluid and proteins from pulp into the 
periodonlal Lwarment, 


Fluid Exchange (Fig. 13): 





Fluid transport between the pulpal 
blood vessels and the interstitial space Is 
regulated by: lymph flow and differences 
In colloidal osmotic and hydrostatic 
pressures in the plasma and interstitium. 


During normal conditions, a steady state 
is achieved as the fluid filtered into the 
interstitia) spare equals the umount of 
fluid transported out. 


Rinnd flowy Capillary Microcirculation 





Venous end 


Fig. 13 Diagram tlustrating Transcapillacy Fluid Exchange 


of pulp. 


* Regulation of pulpal blood flow: 





a) 


b) 


cÌ 


Under normal physiologic conditions, 
pulpal vascular tone is controlled by 
neuronal, and endocrine 
mechanisms that keep the blood vessels 
in a state of partial constriction. 


paracrine, 


The pulpal blood flow is also influenced 
by vascular tone m neighboring tissues. 
Yasodilatation in these tissues causes 
drop in pulpal bland flow due to 
reduction in local arterial pressure of the 
teeth (Stealing Theory). 


Inflammation im the pulp takes place ima 
low-compliance environment composed 
of rigid dentinal walls. Compfidice 
is defined as the rclahonship between 
volume and interstitial pressure. The 
acute vascular reactions to an inflam- 
matory stimulus are vasodilatation and 
increased vascular permeability, both 
of which will increase pulp interstitial 
fluid pressure und may tend lo compress 
blood vessels and counteract the benefi- 
cal blond flow increase. 


B) Nerve supply: 


Dental pulp contains both sensory and 
motor nerves: 


athetic): 


Mfninr nerves (Spur 





a) Are supplied by the sympathetic 
fibers of the superior cervical 
vanglion In the adult pulps, 
sympathetic fibers form plexuses 
around pulp arteriole and regulate 
pulp microcirculation. 


b) Stimulation of these fibers results in 
constriction of the arterioles and a 
decrease in blood flow. 


c) Are most often located in deeper 
parts of the pulp proper, but fibers 
have also been found in close 
relation to odontoblasts. 
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© Sensory nerves (Afferent): (Table 1) 


a) Are supplied by sensory Obers from 
branches of maxillary and mandiau- 
lar divisions of trigeminal nerve. 


bj) The sensory nerves of fhe pulp pass 
into the radicular pulp in bundles 
through the apical foramen. They 
divide into smaller bundles as they 
proceed coronally and peripherally 
to form nerve Flexus of Rashkow 
suajacent to the cell rich zone. 
Many of these Abers pass between - 
the odontoblastic processes in the 
dentinal tubules. 


m4 


c) The pulp contains two types of 
sensory nerve fbcrs: myelina‘cd (A a 
fizers) and unmyelinated (C fizers). 


d) Approximately 90% of the A fibers 
in the dental pulp are A-delta fibers. 


e) Regardless of the nature of 
the sensory stimulus; thermal, 
mechanical, chemical, electric  ® 
feg., pulp tester] almost all sensory 
impulses generated from pulp ‘issue 
result in the sensation of pain. 


Clinical implication: 
i The A-delta fibers 


* They are responsible for the initial, ° 
momentary, sharp pain {fo external 
stimuli pecause of their peripheral 


M 
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location, low threshold of excitaaility 
and great conduction speed. 


° ‘They are activated by fhe vitality fests 
(thermal and eleciric pulp tests) but 
since myelinated nerves do not reach 
their maximal development until the 
apices of teeth are complete; these tests 
are mot reliable on ummature teeth of 
younly patients. 


The C-fibers 

They are more resisiant to compromises 
blood flow and hypoxie conditions and sn 
pain associated by their stimulation is dull, 
poorly localized and throbbing. 


Pain associated with irreversibly damaged 
pulps is more likely to be caused by their 
stimulation. 


Neuropeptides 


Are small pro‘ein-lhke molecules used by 
neurons to cominumcate wiih each other 


Pulpal nerve fibers contain neuropeptides 
such as calcitonin gene-related peptide 
(CGRP), suastance P (SP), neuropeptide Y, 
and neurokinin A (NKA). 

They play important role in regulating 
pulpal blood flow and the developmen: of 
neurogenic inflammation. 


Table (I) dlustration of main types of sensory nerves of pulp. 






A delta fibers 


Mvelination Myelinatze Non-mvelinated 
Leeaticn oF terminals Superticial at pu.p-d2ntio junction Deep, distributed throuehout pulp 
Pain character Sharp. fast, momentary, prickine, Throb bing, burning, dull, lingering, 
heavable less bearahle 
Stimulation thresho:d Low, stimulated without tissuz damage High, stimulated with tissue damaze 


Conduction velocity(im/sec) Fast (6 30) 


Slow (0.5 23 
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Release of these peptides can be triggered 
by numerous stimul, meluding Gssue muyury, 
cornplemnent activalion, antigen-antibody re- 
actions, stimulation of infenor alveolar nerve, 
and even mechanical stimulation of dentin. 


Increased production and release of neuro 
peptides play an unpor role im wutiating 
and propagating pulp inflammation. 


Once released, neuropeptides produce 
vascular changes that are similar to those 
evoked by tustumime and bradykimnn 
(causing vasodilatation of blood vessels) 


Vasoconstrictors present in local anesthetic 
solutions may have direct effects on 
Inhibiuny the release of neuropeptides and 
dental nerve activity thus reduce pain. 


STRUCTURE AND FURCTION OF THE DENTIN-PULP COMPLEX 


Age changes in the pulp 


k; 


ly 


Continued formation of secondary dentin® 
decrease in the size of pulp chamber and 
canals. 


lcercasc cellularity. 
Decrease number of nerves and blood 
vessels, 


Increase number and thickness of collagen 
fibers. 


Increase peritubular dentin, dentinal scle- 
rovs and dead tracts® deercasc in dentinal 
permeability, 


CHAPTER REVIEW QUESTIONS 


l. Describe morphologie ennes of tlie pulg. 





2 Discuss importance 3 fneuropeplides in dental pulp nerves. 
aA Give short account on factors affecting regulation of pulpal blood How. 
4. Discuss importance of the presence of undifferentiated mesenchymal stem cells in the dental pulp. 
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Endodontic 


Radiography 
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Application of radiography to Endodontics 
Limitations of radiographs 

Technology systems 

lraditional machines 


| fong cone 
After reading this chapter, Short cone 
the student should be able to him 





latraoral film placement 
Parafleling technique 
bisceting angie technique 
Diagnostic radiographs 
working radiographs 
Cone postioning 
Extraoral Him placement 
Processing 

Rapid processing solutions 
fabie top developing 
VISWers 


Endodontic radiographic anatomy 
inter oretation 
Eita ans 


Differential diagnosis 
Endodontic pathoss 
Nonencdodantic pathosis 
Anatomic structures 


Digital imaging for endadontics 
indirect dietal radiography 
Direct digital radiography 
Digtal subtraction cacingranhy 


Advanced Radiographic Techniques for Endodontic Diagnosis 
Tened aperture computed tomography (TACT, 

Magnetic resonances imaging (MIRI) 

Uraround (US) 

Computed tomography (CT) 

Cone beam computed! tomography 

Micro-computed tomography 

Nano-computed tomography 


3/ 


38 


ENDODONTIC RADIOGRAPHY 


adiographs are the eyes of the dentist 

when performing many procedures. 

‘Vhey are essential for diagnosis 

and treatment planning, determing 
anatomy, managing treatments and assessing 
outcome. 


The discovery of the amazing properties of the 
cathode rays was made by Professor Wilhelm 
Konrad Roentgen in 1895, Four years later 
Dr Edmund Kells was the first to use x-ray to 
determine tooth length during root canal therapy. 


Application of radiography to endodantics 


l. Aids in diagnosis of hard tissue alterations 
ol the teeth and periapical structures. 


bv 


Determines the number, location, shape, 
size, and direction of roots and root canals. 


3, Estimates and confirms the length of canals. 


Localizes hard to find, or disclose 
unsuspected pulp canals by examining the 
position of an instrument within the root. 

5. Aids in locating a pulp space markedly 
calcified and/or receded. 


6. Determines the relative position of structures 
in the facial-lingual dimension. 


~~] 


C'onfirms the position and adaptation of 
master cones. 


8. Aids in evaluation of obturation. 


Facilitates the examination of soft tissues 
of tooth fragments and other foreign bodies 
following trauma. 


10, Aids in localizing hard to find apex during 
rout-end surgery. 


Ll. Confirms, following root-end surgery and 
bet ore suturing, that all tooth fragments and 
excess filling material have been removed 
from the apical region and the surgical flap. 


12. Evaluates, on follow-up films, the outcome 
of treatment. 
Limitations of radiographs 


1. Radiographs are two-dimensional shadows 
on a single Ulm. The buccal-lingual dimen- 
sion 1s absent and frequently overlooked. 


i) 


With any shadow the dimensions are easily 
distorted through improper technique, 
anatomic limitations, or processing errors. 


3. Radiographs are not infallible. Various states 
of the pulpal pathosis are indistinguishable 
in the x-ray shadow, Bacterial status of hard 
or soft tissue 1s not detectable other than by 
interference. 


4. Periradicular soft tissue lesions cannot be 
diagnosed by radiographs, they require 
histologic verificavion. 


Technology systems 
There are basically two radiographic approaches 


i. The traditional approach is the x-ray 
exposure of a film that is chemically 
processed to produce an image. 


2. The digital approach relies on an electronic 
detection of an x-ray generated image that is 
then electronically processed and reproduced 
On a Computer screen. 


Traditional machines 
There are two basic types of x-ray machines 


|. (ne type has a range of kiln-voltage and two 
milliamperage settings with which the long 
(16-inch) cone is frequently used. 

4. The other type has onc kilo-voltage and 
milltamperage setting using only the short 
(8-inch) cone. 


Long cone 


Because of the clarity of detail and minimum 
distorhon inherent in the long cone parallel 
technique, the long-cone machine 18 preferred 
for exposing diagnostic, final, and follow-up 
radiographs, Fig. (1) 


Short cone 


Becauscofthenumberot working radiographs 
taken in the course of endodontic therapy, the 
practitioner treating more than the occasional 
tooth will find that a short-cone machine, with 
a small, easily manipulated heads, saves time, 
energy amd [rustration. Fig. (2) 
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Fig. 2 Short cone on an x-zay machine 


Prin 


Intraoral dental film is made up of a 
semiflexible, clear cellulose acetate file base 
that is coated on both sides with an emulsion 
of silver bromide, silver halide, and silver 
iodide that are sensitive to radiation. When the 
radiation interacts with the silver halide crystals 
in the film emulsion, the image on the film is 
produced. Whe flm speed deterrr nes how much 
exposure time ts required to produce the image 
on the Glim. A fast flm requires less radiation, 
and the film responds more quickly because the 
silver halide crystals in the emulsion are larger. 
The farger the crystals, the faster the film speed. 


Industrial technological advances have allowed 
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film exposure time to be reduced to fractions 
of a second. Recent nx provements in emulsion 
thickness allow rapid processing of the new 
films, which are used for diagnostic and working 
films alike. Pig. (3). 
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Fig 3. Dental x-ray film 


[or endodontists duplicate flm packets are 
recommended for the diagnostic, tinal treatment, 
and recall radiographs (one set Vor the permanent 
office record, the other for the referring dentist). 
The front film in the double pack, the one closest 
to the x-ray machine has significantly superior 
image quality compared to the back films. 


The standard periradicular size film is used 
"OT most situations. Every office should have 
occlusal films available Cor use when Fig (4); 


l. Periradicular lesions are son extensive that 
they cannot be demonstrated entirely on one 
periradicular film. 

2, There is interest in involvement of the nasal 


cavity, sinuses, or roof or floor oF the mouth. 


3. Trauma or inflammation prohibits normal 
jaw opening required to place and hold a 
periradicular Alm. 
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Fig.4. Occlusal x-ray of upper and lowes: anterior tezth 


4. A disabled person unable to hold a 
periradicular film by the usual means. 


5. Detection of fractures of the anterior portion 
ofthe maxilla or mandible is needed. 


6. Very young children are being examined. 


Intraoral fim placement 
Paratteling techingue 


Film placed pararelle] to the long axis of the 
tecth and exposed by cathode rays at a right angle 
to the surface of the film yiclds accurate images, 
with no shortening or elongation. lig. (5,6) 


Bisectiy angie technigae 


A technique used when taking a periapical 
survey where the ray should be directed 
through the apical third of the targeted teeth. 
The maxillary apices can be determmed by 
Imagining a line from the tragus of the ear to the 
ala of the nose, which is roughly the level where 
the apices are located. The manibular apices are 
localed about half an meh above the bottom of 
the mandible. The film cemer should be centered 
on the teeth being radiographed, except for a 
maxillary canine film, which is arranged slightly 
farther from the front and center of the jaw; the 
flm should be kept flat as much as possible. The 
patient should be positioned so that their sagittal 
plane is at a right angle to the floor, and the 
occlusal plane is parallel to the floor. Fig. (7,8) 





Fig. 5. Diagrammatic representation of the paralleling 
lechnique 
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Hard palate 





Fie. 7. Diagammatic representation of bisecting angle 
technique 
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Fig. 8. Kisecting angie technique for maxillary molars 
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Diagnostic radiographs 


These must be the best radiographs possible. 
There are advantages to parallelism that permits 
more accurate visualization of structures as well 
ws reproducibility. This facilitates comparison 
ot -ollow-up radiographs. A number of devices 
are available on the market that cnsurcs Alm 
placement and parallelism as the Rinn ACP, 
the RinnEndoray II endodontic film holder 
Fig. (9,10). A disadvantage of this system is 
that the paralleling bar interferes with the cone 
when varying the horizontal cone angulations. 
Finger retention of the film should never be 
used. A straight hemostat is a good film holder 
and additionally servers as a cone-positioning 


deviec. Fig. (11) 
Working radiographs 


One great difficulty in root canal therapy ts 
the aggravating method of making treatment 
radiographs with the rubber dam in place. 
The rubber dam frame should not he removed 
for access in film placement because doing so 
allows saliva entry to contaminate the operating 
field. A film-plucement technique is used so 
that the rubber dam need not be removed. Use 
of radiolucent N-( (Nygaard- (sthy) frame, 
Lexicon hinge dam frame, or the Star VisiFrame 
will ensure that apices are not obscured. 


With the rubber dam in place, a hemostat- 
held film has significant advantages: 


l. The film placement is easier when the 
opening is restricted hy the rubber dam and 
frame. 


2. The patient may close somewhat with the 
film in place, a particular advantage in 
mandibular posterior areas where closing 
relaxes the mylohyoid muscle, permitting 
the flm to be positioned farther apically. 


fu 


The handle of the hemostatis a guide to align 
the cone in the proper vertical and horizontal 
ang ulations., 


4. There is less risk of distortion oF the radio- 
craph caused by too much finger pressure 
bending the film. 


Ricged arm securea 
ring in place 


Fils around rubber 
dam clamps 
Hancle allact ee 
to eiler side 


eS eee 


Fig. 1] Hemoastat acting as a blm holcer 


5, Patients can hold a hemostat handle more 
with 


displacement 


securcly less possibility of him 


G6. Any movement can be detected by the shift 


of the handles and corrected before exposure. 


The identify dimple should be placed at the 
incisal or occlusal edge to prevent its obscuring 


an mportunt apical structure. 
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Cone posttininng 


It is often a mistake to rely on only 


one film. Additional exposures taken from 
varied horizontal or vertical projections give 
visualization of the third dimension. 


l. 


Vertical ang ulation 


It is preferable to align the cone so that the 
beam strikes the flm at a right angle. This 
alignment ensures a fairly accurate vertical 
image. I:longation of an image, however, 
may he corrected hy increasing the vertical 
angle of the central ray. loreshortening 1s 
corrected by decreasing the vertical angle 
of the central ray. Frequently an impinging 
palatal vault prevents parallel alignment 
of the film and the teeth. However, if the 
film angle is no greater than 20° in relation 
to the long axis of the teeth, and the beam 
is directed at a right angle to the film, no 
distortion occurs. The resulta radiovraph 
is still adequate. Fig. (12) 


Horizontal angulation: Walton demonstrated 
a simple technique whereby the third 
dimension may he readily visualized. 
speciiically, the anatomy of superimposed 
structures, the roots and the pulp canals, 
may he hetter defined. ‘lhe basic technique 
is to vary the horizontal angulation of 
the central ray of the x-ray heam. Dy this 
method, overlying canals may be separated, 
and by applying Clark’s rule, the separate 
canals may then be identifed. Clark’s rule 
states that “the most distant object from the 
cone (lingual) moves toward the direction 
of the cone”. Stated m another way, Clark’s 
rule has been referred to as the SLOB rule 
(ame lingual, opposite buccal): the object 
that moves in the same direction as the cone 
is located toward the lingual. The ob-ect 
that moves in the opposite direction from 
the cone is located toward the buccal. The 
SLOB rule, simply stated, is ‘the lingual 
object follows the tube head’. Stated more 


Fig. 12. 


simply, Ingle’s rule i3 MBI): always shoot 
from the mesial and the buccal root will be 
to the distal Fig. (13,14,15) 





Position te x-ray tube so ilal dois perpece ular 
to the film and note the angle of the tube. Call 
lis positon 1. Then reposition the tube so that 
it is perpendicular to the tooth itself. Call this 
position 2. Finally, reposition the lube so that itis 
atananegle that is exactly between position | anc 
position 2. This is the angle which will produce 
the least distorted shadow of the tooth in question 





Fiy. 13. [n the diayvram, te lueeal Cyelhiw) ami the 


lingual (red) objects of interest arz superimposed 
on each other because of the beam is directed 
perpendicular to both of them and they are in 
the same relative position mesio-distally and 
vertically. Both images are localed above the 
second molar. 





Fig. 14 The tube-head is movec distally anc the beam is 
directe mescally. On the radiograph the buccal 
object (yellowimoves mesially (opposite to the 
tube headjin relation to the second molar and the 
lingual ob ject tred) moves distally (same direction 
at the tube head) in rclation te thz second molar. 


Indications and advantages of the SLOB rule are: 

I. Separation and identification of 

superimposed canals. 

Il. Movement and identification of 
superunposed structures. 
Determination of working length. 
IV. Determination of curvatures. 

Vo Determination of faciolingual locations., 


VI. 


VOL. Location of caleified canals. 


Identification of undiscovered canals. 


Disadvantages of the SLOB rule are: 


I. Decreased clarity. 

IT. Superimposition of structures. 
To summarize, angled cone alignment are as 
follows: 
* Facial for maxillary anterior teeth and maxil- 
lary molars with only one mesiobuccal canal 





Fg. 140 The tube-head is omeiverl miesially amil ihe besmi 
3s directed dista.ly. On the radiograph the bucecea: 
object (vellow) moves distally (opposite to the 
tube headin relation to the second molar anc 
the lingual cbject [red}) moves mesialy (same 
direction of the lube bead) m relation to the 
sccone malar. 


* Mesial for maxillary and mandibular 
premolars and mandibular canines, also 
for maxillary molars with more than one 
mesiobuccal canal, 

© Distal for mandibular meisors and mandibu- 
lar molars. 


Extraoral film placement 


This is uscful for paticnts who cannot 
accommodate or tolerateintraoral film placement, 
usually because of uauuinu or trisInus. 


Processing 


Adherence to the manufacturer's recon- 
mended ‘emperature and hime (68 1 for 5 to 7 
minutes) developing and clearing has hampered 
“on the spot" processing and viewing. For rapid 
processing, small quart-size tanks are adequate 
and economical. Frequent change of solutions 1s 


recommended, 
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Rapid processing solutions 


Concentrated chemicals, such as Kodak's 
Rapid Access solution, have become very 
popular in endodontic practice. Although more 
expensive, they save measurable time, requiring 
only 15 seconds developing and 15 scconds 
clearing time in the fixer at room temperature. 
These rapidly processed films will fade or 
discolor with time. This change can be prevented, 
alter viewing, by returmme the wet film for a few 
minutes of fixation, followed by washing For 30 
minutes, and then drying. The films will retain 
their quality indefinitely. 


Table-top developing 


For quick turnaround and ease of processing, 
combining rapid speed solutions with a table top 
processing hood greatly improves radiographic 
reporting. 

Viewers 

There are several types of radiographie 
viewers, both commercial and adapted. 
Commercial viewers magnify the image and 
block out peripheral light. This enhances the 
readability and interpretation of the film. Other 
techniques or adaptations, such as a standard 
magoilying glass and small slide viewers, ure 
also useful. 


Endodontic radiographic anatomy 
Interpretation 


Radiographs can be termed the great 
pretenders, they often are as misleading as they 
are hepful. The practitioner must remember that 


only hard tissues, not soft tissues, are visible. 
Limitations 


Studies of interpretation of bony lesions have 
shown that considerable bone must be resorbed 
before the lesion is clearly visible. This, of 
course, varies with root location and thickness 
of the overlying cortical bone. In most regions, 
a periradicular Icsion tends to be most cvident 
radiographically if cortical bone has resorbed. 


Differential diagnosis 
Endodontic pathosis 
Radintucent lestons 


Radivlucent lesions have the following 
four distmguishing characteristics ‘hat aid in 
differentiating hem from nonendodontic pathoses: 


® Apical/radicular lamina dura is absent. 


' A hanging drop of oil shape is characteristic 
of the radiolucency. 


* Theradiolucency stays atthe apex regardless 
of cone angulations. 


a A cause of pulp necrosis is usually (but not 
always) evident. 


Radiopaque lesions 


Radiopaque lesions are better known as 
condensing osteitis. The radiographic pattern is 
one of diffuse borders and a roughly concentric 
arrangement around the apex. Pulp necrosis and 
a radiolucent inflammatory lesion may or may 
not be present. Frequently condensing osteitis 
and apical periodontitis are present together. 
The pulp is often vital and inflamed. 


Nonendodontic pathosis 
Radiolucent lesions 


Such lesions have a varity of configura‘ions 
and locations, and many are positioned close 
to the apexes and radiographically mumic 
endodontic pathosis. Pulp testing provides the 
cardinal differentiation, nonendodntic lesions 
are associated with a responsive tooth. 


Radiopaque lesions 


Unlike condensing osteitis they are not 
pathologic and have a more well-defined border 
and a homogeneous structure. They are not 
associated with pulp pathosis. 


Anatomic structures 


Several anatomic entitics are superimposed 
on or may be confused with endodontic 
pathosis. Common sources of confusion are 
the areas created by sparse trabecular pattems, 
particularly in the mandible. Another problem 
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area is the apical region of the maxillary anterior 
teeth. One must remember to look through these 
radinluccnics for an apical lamina dura. 


Mandible 


The classic cxample of a racdioluccney that 
overlie an apex is the mental foramen over a 
mandibular premolar, This is easily identified by 
noting movement on angled radiographs and by 
identifying the lamina dura. 


Maxtha 


The maxilla revion contains several structures 
(both radiolucent and radiopaque) that may be 
confused with endodontic pathosis. Examples 
are the maxillary sinus, incisive canal, nasal 
fosa, zygomatic process, and anterior nasal 
spine. Characteristics of the structure, as well 
as pulp responsiveness to tests, are important in 
differentiation. 


Digital imaging for endodontics 


Radiography is an important adjunct to 
endodontic diagnosis and image-guided 
treatment. The use of digital technologies 
can facilitate the proccss by speeding image 
acquisition and display. The invention of 
digital intraoral radiography started in the 
1970s by Mouyen a dentist graduated from 
the University of Toulouse. He developed a 
prototype digital radiographic system that 
he named RadioVisioliraphy (RVGi). Since 
1989, there has been scyen new gencrations of 
RVG, and there are now many alternate solid- 
state systems that can produce almost instant 
images electronically. Although these tmazes 
are essentially instant, most are not direct as the 
solid-state systems, for the most part, employ 
a scintillator to convert x-ray to light, and it is 
the analoguc light signal that 1s then converted 
to a digital image. Furthermore, it 13 possible 
to replace silver halide film by photostimulable 
phosphor (PSP) plates that interact directly with 
x-ray but require the added step of subsequent 
processiny by laser scanning to convert the latent 
image to one that can he viewed on a computer 
monitor screen. Fig.(16). 
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Fig. (4, Diagrammatic representation of digital radiograph- 
In syslet] 


Disadvantages of conventional x-ray filminclude 
the following: 


1. Inefficiency as photon detectors, therefore 
requiring a relatively high radiation 
CAPOSUIC. 


2. ilm packet 18 thin and can he felt by the 
patient to cut into the tissues. 


3. Filmis notrigid and hence can bend resulting 
in distorted radiographic image. 
4. Produce static images with no availability of 


post-image treatments other than varying the 
brightness of the view-box Illumination. 


5. Exposure errors and suboptimal processing 
conditions can result in poor image quality 
that is not immediately obvious. 


6. Film processing ts relatively time-consuming. 
Costs for maintaining a darkroom. 


$. Silverin spent processing chemicals has the 
potential to cause environmental pollution. 


9, Duplicate radiograph ina double film packet 
is of very slightly lower density compared 
with the top film. Physicochemical 
duplication of film radiographs results in 
copies of higher contrast and less detail. 

1Q. Archiving radiographic film radiographs in 

physical patient files requires extra storage 

space in the office. Retneving radiographs 
can take time. 

IL. Intraoral film radiographs not appropriately 
mounted and labeled cannot in themselves 
be associated for certainty with a yiven 
patient or ime of exposure. 
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Digital radiography 
Indirect digital radiography 


To take a periapical exposure, place a small 
photosensitive imaging plate (coated with 
phosphorus) into a sterile wrapper and wsert it 
into the patient's mouth just like a conventional 
x-ray film. The X-ray is taken, and the exposed 
nlate 1s then Inaded into a scanner, or processor, 
which reads the image and converts it to digital 
form. Imaging plates can be re-used thousands 
of times, and they are available in different sizes 
to match conventional x-ray films, including 
panoramic and pan/ceph. 


Direct digital radiography 


direct digital radiographs bypass the scanning 
step and are loaded directly into the computer. 
Intraoral radiographs are taken on electronic 
sensors covered with a sterile wrapping. Sensors 
are about the same size as periapical film cards or 
Imaging plates, although a bit thicker. However, 
the major difference is that a sensor is attached 
toa long, thin wire which plugs into a port in the 


computer. The captured image is loaded directly 
into the computer with no scanning required. 
Fig. 17}. 


The two major technologies presently used in 
intraoral digital x-ray systems are as follows: 
1. Solid state detectors 
a. Charged- coupled device 


The first-generation intraoral solid-state 


uscd CX 
drawbacks existed with these sensors. Currently 


ICN ROTA technology. Numerous 
available systems have worked around these 
drawbacks, which included, amonu others, a 
relatively smaller active area, bulkiness, and 
lower absorption and conversion efficiency of 
incident radiation. These solid-state sensors 
usc an array of radiation-sensitive or light- 
sensifive elements that quantify the intensity 
of the incident radiation (X-ray or light) by 
venlerdtiny a proportional electric charge that 1s 
then read us a voltage. These readings are then 
transferred to an analog-to-digital converter in 


Electronically readable detectors 


Direct Conversion 
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Fig. 17. Direct-readout electronic x-ray detectors use either a direct technique or an indirect techniquefor converting x rays 


into an electric charge 
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the trame-grahbcr assembly. Omec digitized, 
these signals are converted into analog signals 
for viewing on the monitor. To enhance the 
efficiency of the sensor and reduce the radiation 
dose, a scintillation layer, such as a phosphor 
material, is added to the surface of the detector 
array to facilitate conversion of incident X-rays 
to light. This layer is painted onto the CCD chip 
or Jaid over the CCD with fiber-optic coupling. 
Sensor sizes vary and are now available in sizes 
comparable to those of 40, 1, and 2 intraoral 
films, with active areas approaching simular 
dimensions. Instantaneous image generation 1s 
possihle with solid-state sensors. big. (1R) 


b, Complimentary metal oxide semiconductor 
(CMOS) 


CMOS-based sensors are also used for 
similar image acquisition. The sensor has an 
active transistor at each element location. It uses 
less power and 1s less expensive to manufacture. 
Wired and wireless sensors arc also available. 
Comparison of the ohjective, task-hascd, image 
quality of the CMOS with earlier generation 
CCD-based detectors showed no difference in 
diagnostic capabilities. Fig. (19) 


Z, Storage phosphor detectors 
a. Photostimulable phosphor 


PSP sensors were introduced in the mid-196O0s 
as Fup computed radiography, although the 
physics of phosphorescence and latent image 
formation were known for a long timc. Intraoral, 
panoramic, and cephalometric size sensors 
have since become available. PSP imaging 1s 
also referred to as computed radiography (CR), 
photostimulable phosphor radiography (PPR), 
and storage phosphor radiography. The devices 
are wireless, thin sensors that record a latent 
image uponexposureto radiation. The images can 
be erased by exposing the sensor to intense white 
light, making the sensor reusable. Associated 
problems unique to this technology include 
the potential for physical damage sustained 
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by the plates being scratched and incomplete 
erasure of previous images, resulting in ghost 
images. Sensors are relatively inexpensive. The 
dynamic range is significantly higher than that 
of solid state sensors; resolution is slightly less. 
However, for most diagnostic tasks indentistry, 
PSP sensors have been shown to be as good as 
CCD/CMOS sensors. Fig. (20) 
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Fig. 20. PSP sensor 





Advaniagos of dtettal x-ray hid ging 


ly 


Reduced ume between exposure and unage 
formation when using solid-state detectors. 


Reduced radiation dose per image. 


Multiple exposures, from various angles, 
both vertical and horizontal, may be made 
without moving the sensor once positioned, 


Elimination of chemical processing and 
disposal of spent chemicals. 


Images can be duplicated any number of 
time without any loss of image quality. 


linages can be stored and retrieved 


electron:cally. 
Images can he transmitted electronical!y for 


referrals and other purposes. 


Dynamic nature of the image with the ready 
option of post-eimaging enhancements. 


Digital systems also have measurement 
tools that given a suitably positioned fiducial 
reference. 


| Reusable detector reduces expenditure on 


consumables. 


With DICOM image fle usage, digital 


Images can provide greater security 
regarding radiographic unage integrity and 
tags include such mformation as patient 
name, date of exposure, and laterality. 


. Wired detectors have an advantage when 


working on special needs patents as the wire 
makes swallowing or ingesting the detector 
unlikely. 


Disadvantages of digial inagtig over fins: 


|. Relatively high initial investment cost if the 
practice has previously sunk costs in flm- 
processing facilities. 


2. Issues related to infection control as the 
detcctors cannot be autoclaved. 


3, Solid state detectors are somewhat thicker 
and more rigid. 

4. Packaged PSP imaging plates (IPs) are 
thinner than prepackaged analog intraoral 
x-ray films and may not be held firmly in 
position in film holders. 


5. CCD and CMOS detectors are wired 
this could create patient psychological 
discomfort. It might also be a drawback 
for the mexperienced operator, requiring 
adjustments in technique and practice 
through the lewuing curve of a mew 
methodology. 


6. Competency using software may take time to 
master. The learning curve may be longer or 
shorter depending on the computer literacy 
of the operator. 


7. With PSPs the intranra. imaging plates 
have been prone to mechanical degradation 
necessitating replacements of plates to 
sustain image quality, 

8. Although unlikely to occur given reasonable 
diligence, mishandling can cause mechanical 
damage with high replacement costs for 
CCD and CMOS detectors. 


Digital subtraction radiography 


Given radiographs taken in precise.y the same 
position and with the same beam geometry and 
exposure purumnelers, nages can be subtracted 
to show changes over time. ‘his technique has 
been largely conducted for rescarch purposcs in 
view of thedifficulties experienced in practice in 
achieving images with reproducible projection 
geometry over time. Subtraction radiology is 
possible Cor endodontic follow up, effect of 
root canal treatment on periapical lesions and 
for assessment of the progress of chronic apical 
periodontitis. Fig. (21) 
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Advanced radiographic techniques for 
endodontic diagnosis 


Alternative ‘maging techniques have been 
suggested to overcome the limitations of intra- 
oral radiographs. In endodon‘ics, some of these 
‘cchniqucs may tmprove the diagnostic yield and 
assist clinical management. 


Tuned aperture computed tomography (TACT) 


Tuned aperture computed tomography works 
on tie basis of tomosynthes:s. A series of 8-10 
radiographic images are exposed at different 
projection geometries using a programmable 
‘maging unit, with specialized software to 
reconstruct a three-dimensional data set which 
may he viewed slice by sltec.C latmed advantages 
of TACT 
fechn:ques are Hiat the images produced nave 
less superimposition of anatomical notse over 


aver conventional radiographic 


‘ye area of intercat. Vhe overall radiation dose 
of TACT is no greater than 1—2 ttmes that of a 
conventional periapical X-ray film as the total 
exposure dose is divided amongst the scrics 
TACT. Additional 
advantages claimed for this technique tnclude 
the absence of artifacts resuiting from radiation 
inferaction with metallic restorations. Tae 
resolution is reported to be comparable with 
[wo dimensional radiographs. Studies concluded 
tnat the complex nature of the adjacent anatomy 
around postericr maxillary molar teeta limits the 
use of TACT. Recently, studies have concluded 
that TACT ts suitable for detecting vertical root 
fractures. Tuned aperture computed tomograpay 
appears tc be a promising radiographic technique 
for the future, However, at present it ts still only 
a research tool, Fig. (22) 


of exposures taken with 


Magnetic Resonance Imaging (MRI) 


An MRI scan is a specialized imaging 
fecaniqu2 wh:ch does not use ionizing radiation. 
If involves the behav:our of aydrogen atoms 
(consisting oF one proton and one electron) within 
a magaciic field which is used to create the MR 
image. The patients hydrogen protons normally 
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Sie. 21. Rubbadion cadiqoaply showing a bone lensily 
pali on We mesial aspect of thie mandibular fist 
mola; and mandibular first premolar 
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Pig. 22. TACT image showing the extra distolingual root 
canal in the lower molar 


spin an thetr ax:s. The patiant is placed witam a 
strong inaguedie Jeld, which algus the protons 
contained within hydrogen atoms along ‘he long 
axis of the magnetic field and the patient’s body. 
A pulsed beam of radio waves waich has a similar 
frequency fo the patrent’s spmame hydrogen 
atoms 15 then transmitted perpendicular to the 
magnelie field. This kuocks the protums out of 
aliggment, resulting in the hydrogen protons 
precessing like tiny gyroscopes, moving from 
a longitudinal to a transverse plane. The atoms 
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behave like several mini bar-magnets, spinning 
synchronously with each other. This generates a 
faint radio-signal (resonance) which is detected 
hy the receiver with:n the scanner. Simtlar radto- 
senals are detected as the hydrogen protons 
relax and return to their original(longttudinal) 
direction. The receiver information is processed 
by a computer, and an mage is produced. The 
main dental applications of MRI to date have been 
the investigation of soft-tissue lesions in salivary 
elands, investigation of the temporomandibular 
joint and tumour staging. MRI has also been used 
fortreatment planning dental implant piacement. 
Recently, studies were performed with MRI ona 
series of patients with dental disease. They were 
able to differentiate the roots of multi-rooted 
teeth, smaller branches of the neurovascular 
bundle could be clearly identified entering 
apical foramina. The acthors also claimed 
that the nature of pertapical lesions could be 
determined as well as the presence, absence 
and/or thickening of the cortical buns. Magnetic 
resonance imaging has severaldrawbacks. These 
ln¢lude: poor resulution compared with sumple 
radiographs and long scanning times, in addition 
to great hardware costs and limited access only 
in dedicated radiology units. Different types of 
hard ‘issue (for example enamel and dentine) 
cannot be differentiated from one another or from 
metallic objects; they al] appear radiolucent. Itis 
for these reasons that MRI is of limited use for 
the management of endodontic disease. fig. (24) 


Ultrasound (US) 


Ultrasound is based on the reflection 
(echoes) of US waves at the interface between 
tissues which have different acoustic properties. 
Ultrasonic waves are created by the piezoelectric 
cHeet within a transducer (probe). The US beam 
of energy is emitted and reflected back to the 
same probe (i.e, the probe acts as both the emitter 
and detector), The echoes are detected by a 
transducer which converts them into an electrical 
signal, from which a real time black, white and 





Fig. 23. MRI image of the mancibl: 
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shades of grey echo picture is produced on a 
computer screen, As the probe is moved over the 
area of interest, a new image is cenerated. Up to 
50 images can be created per second, resulting 
in moving images on the screen. The :ntensity or 
strength of ‘he detected echoes is dependent on 
the difference between the acaustic properties of 
two adjacent tissues. The greater the difference 
between tissues, the greater the difference in 
the reflected US enercy and the higher the echo 
intensity, Tissue interfaces which generate a high 
echo intensity are described as hyperechoic (e.g. 
bone and feethi, whereas anechoic (e.g, cysts) 
deser:bes areas of tissues which do not reflect 
US energy. Typically, the images seen consist 


of varying degrees of hyperechoic and anecnoic 
areas as the areas of interest usually have a 
heterogeneous profile. Tne Doppler Effect (the 
change of frequency of sound reflected from a 
moving source) can be used to detect the arterial 
and venous blood flow. The ability of US ‘to 
fssess the true nature and type (for example 
true versus pocket cyst) of periapical lesions is 
doubtful. Ultrasound is blocked by bone and is 
therefore useful only for assessing the extent 
of periapical lesions wiers there is litte or no 
overlying cortiza. bone. Whilst US may be used 
with relative ease in the anterior region of the 
mouth, tae positioning of the probe is more 
difficu tagainst the buccal mucosa of posterior 
teeta. In addition, the interpretation of US images 
is usually limited to radiologists who have had 
extensive training in the use and interpretation af 
US images. Fig. (24) 


Computed Tomography (CT) 


Computed Tomography is an imaging 
technique which produces three dimensional 
images of an object by taking a series of two- 
dimensional sectional X-ray images. Essentially, 
CT scanners consist of a gantry which contains 
the rotating X-ray tebehead and = reciprocal 
detectors. In the center of the gantry. there is a 
circu ar aperture, [nrougn which the patient is 
advanced. The tubenead and reciprocal detectors 
within the gantry either rotate synchronously 
around tie patient, or the detecturs take the form 
of a continous ring around the patient and only 
the X-ray source moves within ‘he gantry The 
data trom the detectors produce an attenuation 
profile of the particular slice of the body being 
examined. The patient is tren moved slightly 
further irto tne gantry for the next slice data to 
be acquired. The process is repeated until the 
area ol interest has been scanned fully. Early 
generations of the CT scanner acquired ‘data’ in 
the axial plane by scanning the patient ‘slice by 
sicc’ using a narrow collimated fan shaped X-ray 
beam passing taron gh the patient to a single array 
of reciprocal detectors. The detectors measured 
the intensity of X-rays emerging [rom the 





CHAPTER 


patient. Over the las: three decades, tiere have 
been considerable advances in CT technology. 
Current CT scanners are called multislice CT 
(MISCT) scanners and have a linear array of 
multiple detectors, allowing ‘multiple slices’ 
tu be taken sirnultarieously, as the X-ray sources 
and detectors witam the gantry rotate around the 
patient who is simultaneously advanced through 
the gantry. (his results in faster scan times and 
therefore a reduced radiation exposure to the 
patient. The slices of data are then ‘stacked’ and 
reformatted to obtain three-dimensional images 
and multiplanar images which can be viewed 
in any plane the operator chooses (fur example 
axial, coronal ov sagittal) without having to 
expose the patient to furtner radiation. The 
interval between caca slicc may also be varied; 
clasely approximated slices will give better 
spatia. resolution, but will result in an increased 
radiation dose to the patient. 


In addition to t1ree-dimensional images, CT 
has several other advantages over conventional 
radiography. These inc_ude the elimination of 
anatomical noise and higa contras: resolution, 
allowing differentiation of tissues with less than 
ls% physica density difference tobe distinguisied 
compared with a 10% difference in physical 
difference waich is required with conventional 
radiography. Computed tomography technology 
has been applied tothe managementofendodontic 
problems. However, one shouid bear in mind that 
a very high radiation dose is reyuired tu achieve 
a high enough resolution to assess root canal 
anatomy in adequate detail with CT. Competed 
tomography may also be usctul for the diagnnsis 
of poorly localized odontogenic pain. In these 
circumstances, conventional radiographs of 
the periapical tissues may not reveal anything 
uniowdru. In these cases, CT may confirm the 
presence of a periapical lesion. The assessment 
of the ‘third dimension’ with CT imaging also 
allows the number ot roots and root canals to be 
determined, a3 well as where root canals join or 
divide, This knowledge is extremely useful when 
diagnosing and managing failing endodontic 
treatment, The uptake of CT in endodontics has 
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been slow for several reasons, including the nigh 
effective dose and relatively low resolution of 
this imaging technique. Other disadvantages of 
CT arethe high costs of the scans, scatter because 
of metallic objects, poor resolution compared 
with conventional radiographs and the [act that 
these machines are only fonnd in dedicated 
radtography units (for cxample hospitals). Access 
may thus be problematic for dentists m practice. 
CT technology has now become superceded 
by cone beam computed tomography (CBCT) 
technology tn the management of endodontic 
problems. fig. (25) 


Cone beam computed tomography (CBCT) 


Cone beam computed tomography or digital 
volume tomography is an extra-oral imaging 
system which was develuped in tue late 19905 tu 
produce three-dimensional scans of the maxilla- 
facial skeleton at a considerably lower radiation 
dese than CT. CBCT differs from CT imaging 
in that the entire three-dimensional volume 
of data is acquired tn the course of a single 
sweep of the scanner, using a simple, direct 
Telatiunship between sensor and source which 
rotate synchronously around the patient's head, 
Depending on the CECT scanner used, the X-ray 
source and the detector rotate between 180° 
and 360° around ‘he patient’s nead. Unlike CT 
scanners, most C BUT scanners ether scan the 
patient sitting or standing up. Tne X-ray beam is 
cunz-shaped (hence the name of the techntyue), 
and captures a cylindrical or sphertcal volume 
of data, described as the field of view Fig. (26), 
Voxel size typically ranges between 0.08 and 0.4 
mm. Its major advantage over CT scanners is 
the substantial reduction tn radiation exposure, 
This is because of rapid scan times, pulsed 
A-ray beams and sophisticated image receptor 
sensors. Tae pulsed X-ray beam results in up 
to 570 projections or basis exposures being 
taken as the X-ray source and detector rotate 
around the patient. CBCT scanners are simple 
fo usc and fake up about the same spacc as 
Panoramic radiographic machines, which make 
CBCT scanners well suited for dental practice. 
The radiation dose may be further reduced by 
deercasing the size of the field of view, increasing 
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the voxel siz2 and/or reducing the number of 
projection tmages taken as the X-ray source 
rotates around the pattent. Tomographic slices, 
as thin as one voxel thick, maybe displayed in 
a number of different ways. Typically, images 
are displayed in the taree orthovonal planes 
axial, sagittal and coronal simultanecuusly. 
Selecting and moving the cursor on one tmage 
simultaneously alters the selected reconstructed 
slices tn all three plancs, thus allowing the arza 
of interest ta be dynamically traversed in ‘real 
time’. Coronal and axial views of the tooth are 
readily produced, allowing the clinician to gain 
a truly three-dimens:onal view of the entire tooth 
anid its surrounding anaiumy. Surface rendering 
is also possible to produce three-dimensional 
Images. Tne image quality of CCT scans is 
superior to helical CT for assessing the dental 


hard tissucs, Conc bram computed tomography 
is a major break through in dental imag:ng. For 
the first time, tae clmictan:s able to use a patient- 
friendly imaging system ‘a easily view areas of 
interest in any plane rather ‘han being res‘ricted 
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to tne limited views available up to sow with 
conventional radiograpiy. CBCT technulugy 
18 Increasingly beme used sueccssfully in the 


management of endodontic problems. Fig. (27) 
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Fig. 26. In cone beam computed tomography, a cone-shaped x-ray beam imraciatzs a patient's jaw., The transmited x-rays 
are dstected by a sensor such as a CMOS flat panel sensor. The data is sent to a computer and reconstructed into 


3 D images by software 








siep 2: Cesium iodide 
scintillator converts x rays 
itu visitble light 
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Fig. 27.4 CBCT machine and a cena. CBCT scan image 


ixels convert scintillator’s 
ight into clectrical signals. 
On-chip circuitry tums 
electrical s:gnals into 
digital output. 
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Applications of CBCT in endodontics: 


i, Preoperative assessmerni 


® Tooth morphology: The success of endodon- 
tic treatment depends on the identification of 
all root canals so that they can be accessed, 
cleaned, shaped, and obturated Fig. (28 29). 





Fig. 28 Preoperative periapical radiograph of a maxillary 
lert first molar fa) with corresponding axial CBCT slices 
caplured fromthe apical thid (b), mid-raot ‘ch, and coronal 
(hud (J) demmoustialing five separale soot camal syste 
[two canals in the mesiobuceal root and two canals in the 
palatal root). The post-endodontic periapical radiograph 
demonstrates all identified root canal systems trealed le} 





hig. 29 Preaperalive periapical radiograph of a mandibular 
right second molar fa) with comsspondinng axial CECT 
slices captured from the coronal third fb’, mid-raot fc}, 
anil apical think GL) cleimonstiatine a C-shapesl exteonal rom 
Poan aud C-shaped meal cout canal configu aina. 


© Dental periapical paihesis, CBCT snowed 


significantly more findings  tmeluding 
expansion of lesions into the maxillary sinus, 
sinus membrane thickening, and missed 
canals. The generally higher detection 
rates afforded by CRET may be of clinical 
importance in patients who present wita 
pain or woo have puurly lucalized symptoms 
associated with an untreated or previousiy 
rout treated tuath with noevidence of 
pathology identined by conventional 
imaging Fig, (40). 





Fig 304 patient was refemed farevaluation and lrealment of 
tooth number 43. Patient presented with pain to percussion 
and no response to cold testing. Periodontal probing depths 
were WNL. Root canal therapy was indicated based on 2D 
radiographic A ndings and clinical tasts € a b Periapical 
radiograph of tooth number 30. ( b bis a sagital view of 
tooth number 30. A periapical radiclucency involving 
both mesial and distal roots as well az the furcation was 
detected. ‘Lhe lingual bone te still intact which fives the 
impression of greater bone volume and density in the 
furcation io the periapical (2D) radiograph than ts actually 
present. i c) Coronal view of the distal root demonstrating 
complere lass of buccal bons. Duz ta the tight gingival 
attachment, periodontal probing was WNL. [ d ) Axial 
view demonstraling buccal plate perforation thal cannot be 
detcelcd from the 2D radiopraph. ( e ) 4D reconstruction 
demonstrating the actual cndo-pario defect. Considering 
the unfavorable prognosis for resolution of the extensive 
eudo-peig lesiou, exXwacion was i erownn ended 


» Root fractures as they are difficult to dtagnose accurately using conventional radiography 
Fi. (31). 





31 Patient presented for evaluation and treatment of tooth number 19 The chief complaint was pain on biting and 
sensitivity to hot drinks. Clinical A ndings no response to cold and positive respone to bite stress lesiing. A 
diagnosis ofa necrotic pulp and symptomatic apical periodontitis was established. [The presurned etiology was 
extension of a distal marainal ridge crack. (a) Sagittal view oF tooth number 19 showing a distal root periapical 
radiclucency. The lines on the sagittal vizw correspond to the axial section views (c) and (d). Cb) Clinical image 
(ac.closal views demonstrating the distal warginal ridpe crack. Axial views (c) and (d) demonstrate thz distal bone 
loss associated with the fracture (blue arrows ) and unfavorable prognosis 


® Root resorption. CBCThas been used successfully to confirm ‘ne presence of IRR and differentiate 
it from ERR Fig. (22). 





Fig 32 Patient was cecerred for evaluation and treatment of an internal resorptive defect ontoothoumber 9 C a) Periapical 
tathiwaphal tooth mambe: 9. The 3 lines comes por ip ihe axial section views i Oily, Cej, aml é oo.6b 3D 
retumsitucuion of maxitla y amel mi leet demonstrating He ternal esoptivż defect i black aow J. (e) Sagittal 
vizw of tooth namber 3 with the 3.3 x 4.8 mm measurement of the defect. (d ), Ce ),and f ‘are axial vizws of 
tooth number 9 Note the normal canal anatomy coronal and apical to the defect {d .7 3. The maximum width of 
the defect is dem onstrated in axial view (e) 


ia ii 
= a BEES ee, \ ooo 
CHAPTER | A ý 
Pend Py, p SS 


DD 


56 


ENVODORTIC RADIOGRAPHY 


2, Postoperative assessment, 


e Monttoring the healing of apical lesions 


which is animportant aspect of postoperative 
assessment in endadcntics, 


© As adequacy of root canal obturation is 


an important determinant of endodontie 
success, ii might be considered that CBCT is 
used in the initial and subsequent monitoring 
of the integrity of root canal fillings. 


© Endodontic surgery is often complicated 


in the posterior teeth by their proximity 
ta anatomical structures. The mandibular 
teeth can be close ta the mandibular canal 


while maxillary molars are often close 
to the maxillary sinus. CBCT imaging 
provides several advantages for preoperative 
treatment planning capecially 19 maxillary 
posterior 
Fig. (33). 


teeth with apical pathology 





CBCT 31D rendering of teeth #12 and #13 
referred for periapical surgery (a). Perforation 
of the maxillary sinus can be visualized (blue 
arrowh, Sagiltal view of teeth #12 and #13 ( b ). 
Perforation of the maxillary sinus notea ( white 
arrow ). Coronal view of tooth #12 demonstrating 
the through-angd-throueh nature of the periapical 
defect fel. Axial view Uenmonstiatim te 
mesiodistal extent of the periapical defect {d )} 


Fig. 33 








Micro-computed tomography 


The X-ray micro-computed tomography 
(micro-CT) was developed in the early of 1920s 
. The micro-CT is a noninvasive and non- 
destructive method to obtain two- and three- 
dimensional images Its operation is based on 
multiple X-ray converging on the sample and 
captured by a sensor. The projected X-ray 1s 
converted into digital images. 


Micro-CT present several advantages in 
comparison with cther methods, but otherwise 
sume limitatiugs. Scanmoy electron 
microscopy, stereomicroscopy and confocal laser 
micrascopy can be used for superficial analysis 


Has 


hut do nat provide 30 images without the 
requisite of sectioning the samples. Contrary of 
these microscopic methods, micra-CT allow the 
use of the same sample for different tests without 
destruction of the sample. This characteristic is 
very Important particularly when i: is required 
ju evaluate volume pre and post msirumenotation, 
quality of root canal obturation or removal of 
‘he material from root canal (retreatment). Other 
advantages of micro-CT are the possibility of 
repeated scanning and the manipulation of mage 
using specihe software. On the other hand, a 
limitation of micro-CT 1s the impossibility of 
using for in vivo studies due to the radiation 
level of exposure. Moreover, micra-CT permits 
the examination of specimens of limited size, 
which restrict some analysis. Instead, cane beam 
compcted tomography (CBCT) could be used in 
patients despite its luwer resolution. 


Some applications of micro-CT in endodontic 
research include the analysis of internal anatomy 
of teeth instrumentation of root canal , root canal 
fillings, retreatment, physical and biclogical 
properties of materials. 


Nano-computed tomography 


The introduction of nanofocus® tubes 
IncTeases the image quality of radiographie 
images further more. By using these high 
resolution tubes in Computed Tomoeraphy a 


further increase of quality regarding spatial 
resolution is possible. In microCT resolutions 
tn the zem-scale are state of the art. Resolutions 
in the sub micrometer scale have been dedicated 
tu synchrotron techamgue. The introduction of 


ich 


ug resolution nanolocus” -tube technolugy 


allows focal spot sizes beluw une muicrome%er, 
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Therefore the resulution of CT-s ystems equipped 
witi such high resolution nanofocus® -tubes 
could be further inercased. So called nanot"l® 
-Systems are pushing forward into application 
regions which have been exclusive to expensive 


synchrotron techouiqee su Car. 


Discuss the importance of radiographs in endodontics 


ba 


Discuss the basic radiopi apliec technology. 


| 


Dizferentiate between endodontic and nonendodontiz lesions. 


4, Point out the importance of digital imaging in endogontics. 


5 Review utilization of cone beam computed tomography tn endodontic diagnosis 


6. Deseube the ipac of coue bean: computed lomopraply m teatoent planning 
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: Pain and Differential 
DIEORONEEO] 


Orofacial Pain 


TECHNICAL & CLINICAL ENDODONTICS 


$ K liu ed: Jil Car il 





Postgraduate students should be able to 


1. Analyze pain andpa n threshould, 


2. Distirguish pulp narves and relate nawe impulse 
mechanisms, 


h.strate the role of odontoblast n pain perception. 
Aralyze different theories of pain transmission, 


“hei lhe clitical applications of Gate goara Iheray. 


m in i 


Aralyze tre theores sf puplodentinal pain fiber 
excitation ard its clinical applicatior:. 

7. | lustrate vdontogenie pain, it’s different tyges and how to 
ditferertal? Setweer acule ard chronic pain. 


After reading this chapter, 
the student should be able to Bb. Argus how ron odontogenic pain minie endodontic pain. 





Definition of pain 
Reduction of stimulus level 
PULP NERYES: 
Nerve rell 
Nerve impulse 
Theories of pain transmission 
Specificity henry 
Pattern theory 


Gate control theary 
Theories of Pulpodentinal Pain Fiber excitation 
Denta innervation 
llydrodynamic Theory 
Dentincblastic deformation or injury (Transduct on} 
Body self Ncuronatrix Theory 
Current flow Theory 
Odontogenic pain 
Dentinal pain 
Pulpal pain 
Non-odontogenic pain 
Periapical pain 


a9 
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ccording to the Dornald’s Medical 
Dictionary, pain is dehned as; a 
more or less localized sensation 
of discomfort; distress or agony 
resulting from stimulation of specialized nerve 
endings. 





Nociception; it is the phenomenon of sensa- 
tion to tissue Injury. So nociception is what you 
feel and pais 1s the sensation of what you feel. 


Definition of pain: 


Itis emotional experience usually triggered 
by noctceptton input into CNS and manifested 
by conscious and autonomic reaction. 


e The motor reaction of the patient may be 
jerking heads, closing mouth eaiensiun of 
arms and legs and violence reactions. 


e Tae autonomic reaction appears as increase 
in blood pressure, increase heart rate and 
sweating. 

© Thepsyculogicalreactions may bemamlested 
as Crying, lear, avony and scream. 

So we can conclude that nociception could 
be present without pain, when increased pain 
fareshold, and pain could be presented without 
nociception as, emotional state, personality, 
past experience and motivational influences are 
major factors in localizing and interpreting pain 
modularity. 


Pain thresaold can be classified into three main 

caicgorics: 

l- Sensory threshold: ihe lowest level of 
stimuli that will cause any sensatiog;touch, 
vem perature and vibration, 

2- Pain threshold: the lowest level stimuli that 
cause the subject to report pain. 


3- Pain reaction threshold: the amount cf pain 
“nat could be tolerated after pain is first 
percel ved. 


PAIN AND DIFFERENTIAL DIAGNOSIS OF OROFACIAL PAIN 


Reduction of stimulus level 


There are three metnods that could be used 
toreduce the stimulus level of pain percepticn. 


I- Psychological faciors can modify and 
reduce pain percepton by tufurming the 
patient especially sensory about what 
expected before, durims and alter treatment. 
Instructiuns how to relel pain and [requent 
Interpersonal cuntact tu reinforce motivation 


and support are impurtan. 


2- Pharmacological control of pain could be 
achieved by administration of gencral ar 
local anesthesia, analgesics for pain and 
muscle tension and sedation that cnhanec 


relaxation. 
J- Srimuiation-produced anaicesta (counter 
Irritation): Chemicals, cauterizatlon, 


mechanical devices, massages, temperature, 
needles and electrical stimuli were used to 
initiate endogenous oplates-endorphins and 
enkepnalines produced by the brain and 
substantia gelatinosa, affect the descending 
pathway and anterior pituitary gland. 


The action may be through the stimulation of 
A-delta fiber closes ‘ae gate for C-ibers and 
the increase of endorphins production. 


PULP NERVES 


There are three types of pulp nerves, large, 
Intermediate and small; the larger the diameter 
the faster the conduction. 


1 Larger myelinated: 
A-alpha: Carry touch and pressure. 
A-beta: Carry proprioception and vibration. 
A-gamma: Nechanoreceptors., 
A-delta: carry pain and temperature. 
2- Intermediate (Ettcrent) = B fibers. 


3- Smaller unmyelinated C fibers: 
Transmit pain and temperature. 


PELHAIIC AL & OC LISIIC AL EN DUODAR TICS 


Table (1) Nerve fibers in the pulp 
A- DELTA FIBERS 


Terminals Dentmoblast and subdentinoblastie 


Pain Sharp, pricking, but bearable 


Stimulated withoul injury electric, 
cold and hot (vitality: 


Stimulus 


Hypoxi 


Show) su vival i p esences of pulp nzcnsis 


Nerve cell: 

Each nerve cell consists of a central portion 
containing the nucleus, known as the cell budy, 
and one or more structures referred to as axons 
and dendrites. The dendrites are rather short ox- 
tensions of the cell body and areinvolved in the 
reception of stimuli, The axun, by contrast, is 
usually a single elongated extension; it is espe- 
cially important in the transmission of nerve im- 
pulses from region of the cell body to other cells, 


The nerve impulse: 
The nerve impulse is dependent on: 


l- Change in the permeability of neural membrane. 


2 Scditm potassium peme mechanism. 


The resting potential of the nerve: 

» The polarized uerve membrane have a 
positively charged sodium ions (NA++) 
more concentrated in the extracellular tissue 
fluid thanin the cytoplasm, At the same time 
potassium (K++) tous are concentrated inside 
the cytoplasm than in the extracellular fleid. 

. Stimulation of the nerve membrane increases 
permeability of positively charged sodium ions 
to penetrate into axons. Leads to momentary de- 
polarization at the poin’ of stimulation. 


As impulse moves,the membrane is recharged 
by outward migration of K++ions. Subsequently 
the sodium pump 2xpels the Na+ tons into the 
extracellular fluid, while the potassium pump 
returns the K++ ions to intracellular fluid. 
u, the resting potential is nuw restored, 

The cycle repeals itself as a sclf propagating 
wave of the action potential or action current till 
it reaches the synaptic terminal. 
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C- FIBERS 
Near blood vessels 
Throbbing, aching, less bearable 


High threshold pain with 
Inflammatory process (delayed: 


Longer survival in presence of pulp necrosis 
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Fig. |. Negron; the basic unit and the mechanism of self- 
propagating waves of depolarization along the nerve. 


The receptors must build up enough electrical 
activity until it finally reaches the nerve fiber 
threshold. Then suddenly an action potential is 


set off in the neuron terminal. 


G1 


PAIN AND JIFFERENTIAL JIAGNOSIS OF OROFACIAL PAN 


Pain Mechanism: 

An effective approach to differential 
diagnosis must be based on an understanding 
of pain mechanism. It can be simply explained 
such that; the noxious stimuli activate the pain 
receptors which in turn sends a nerve impulse tu 
the spinal neclens in the trigeminal ganglia, that 
in turn reaches the thalamus to the post central 
gyrus of thecerebral cortex leading to stimulation 
of the glands and the muscles. Prolonged muscle 
con‘rac‘ion leads to ischemia and accumulation 
ol pain producing substances. 


Role of dentinoblast in pain transmission 

© The cell budy and the process are in close 
contact with the nerve terminals (receptors). 

* Stimulation of such cells may release a 
neurotransmitter substance that alters the 
permeability of the nerve endings. 

Mechanical deformation of dentinoblast acts as 

transducer mechanism converting mechanical 

energy into electrical energy. 


So, dentinoblast and A-delta nerve terminal 
function together as intradental sensor, units 
and considered as a peripheral sensory capsule. 


Theories of pam transmission 

l- Specificity theory: This theory is explained 
as differen: sensory fibers mediate different 
sensory modalities such as; pain, heat, cold, 
touch and pressure. The receptors for pain 
are specific and mostly unmyelinated free 
nerve cndings. When stimulated, these fibers 
transmit impulses along specific pathway. 


p-s 


Pattern theory: Pain is generated by 
nonspecific receptors. All nerve fiber endings 
are alike and pattem of pain is produced by 
a more intense stimu.ation than for other 
sensations. The summation of pain impulses 
produces a pattern that the brainreceives and 
recognizes, 

3- Gate control theory: The cate control theory 
combines and extends previous central 
summation ‘theories. This theory excludes 
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the need for specialized nociceptive afferents 
to explain pam sensatiuns, However, high 
threshold afferent nerves do exist and can 
be incorporated into the hypothesis without 
weakening its value in explaining central 
processing, 

As a theory rather ‘han a law, gate control 
has provided a continuing framework for 
Investigation, 

There are two factors regulating the 
transmission of pain: 


(iating mechanism in the gray matter of the 
spinal cord called Substantia gelatinosa. 
This receives the painful impulses (sensory 
afferent) from the peripheral nerves and 
permit their passage to the brain by opening 
the gatz, or prevent their passage by 
closing the gate. Opening and closing the 
gate depends on the speed of the impulse 
(the larger the fiber the greater the speed) 
and the imferaction between noxious pain 
stimuli transmitted along smaller hhers and 
those stimuli cf touch and pressure, that are 
transmitted along large fibers. 


Descending central coutrol [rom the intense 
brain mechanism. This modulate the eating 
mechanism from cmotional, motivational, 
psychic, peripheral and visceral as well as 
from past experiences. 
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3a 3. Diagrammatic representation of the gare 
control theary of pain. 


Afferent neurons (A alpha, beta and gamma) 
enter (he spinal cord via dursal rootsynapse 
with T-cells. Collateral branch enters (SG) 
and another branch ascends to higher center. 
Larger diameter fiber ean only exeite the 
SG cells, which tn turn inhibits impulses to 
T cells so the gate is closed. Large diameter 
axons can also send collateral branches at 
luzher centers of brain. Intern descending 
tracts of the brain can influence(modulate| 
the gate control. 


* Afferent small Abers (A delta and C fibers); 
synapse with T-cells and terminate in (SG), 
Inipulses [rom small fibers can only mbhibil 
nj cells, stopping them from imbhibiting 
impulses to T-cclls, 30 opens the gate. 

« SG sends branches to synapse with incoming 
afferent fibers entering T-cells. Presynaptic 
inhibition, the only action is tu Inhibit 
impulses to T-cells. 

Gate control may be further modulated 

by intrinsic brain mechanism and through 

emotional, motivational, peripheral, psychic as 
well as past leamed experience. 


lis basic principles are as follows: 

l- Incomumny aleren nerve activity is mudulaled 
hy a gating mechanism in the dorsal horn 
af the spinal cord and brain stem. The gate 
either inhibits or facilitates the activity of 
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(he transmission of T-cells that carry activity 
farther along the nervous pathway. 

The cate is affected by the relative decree of 
activity in arger diameter A beta fibers and 
small A deda and C fibers. The large diameter 
A beta fibers are activated by non-noxious 
stimuli, and the small a-delta and C ibers by 
noxious stimuli. Large fiber activity tends to 
close (he gate whereas small-fiber activity 
opens tt. 

Descending control mechanisms Crom the 
higher levels in the central nervous system 
arc influenced by cmotional, motivational 
and past affective processes. The higher ‘evel 
mechanisms also modulate the gate. Activity 
in large afferent fibers not only tends to close 
the gate directly but also activates the central 
control mechanisms, which also close the 
Bate, 


When the gate is open and activity in the in- 
coming afferents is sufficient to activate the 
iransiussion system, (wu main ascending 
pathways are activated. One is the sensory 
discriminative pathway, which connects to 
somato sensory cortex by way of the ven- 
tropostericr thalamus. This pathway allows 
the localization of pain. The second ascend- 
ing pathway involves the reticular informa- 
tion through the medial thalamic and limbic 
system, which deals with the unpleasant, 
aversive and emotional aspects of pain. De 
svending pallways, as well as acing on Lhe 
dorsal horn gate. may also interact with these 
two ascending systems. 


Clinical A 


Theory 


lication of Gate Control 





| Spontaneous pave If A-bcta fibers arc not 


stimulated, pain is a result of C fiber and 
A-delta fibers. An example, during cavity 
preparation the smaller fibers produce Lhe 
pain as A-beta fibers are few atthe periphery. 
futernuttent para. In case of pulpitis, if A-beta 


hbers deeper in the pulp are stimulated, they 
close the gate to pain from the C-fibers. 
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PAIN AND DIFFERENTIAL DIAGNOSIS OF OROFACIAL PAIN 


Conversely, if A-beta bers are not activated 
by inflammatory process,ttie C-fibers van 
cause pain. Alteration of both tn case of pulp 
inflammation closes and nopens tne gate, thts 
explaining intermittent and spontaneous pain. 


© Puipai anoxia (hypoxia): Oxygen deficiency 
tn diseased pulp would affect the larger fibers 
first, so gales remain open. Stimuli that were 
not noxious to normal pulp such as hot and 
cold, could trigger a more painful response 
because the small Sbers have longer survival 
time in absence of oxygen, 


» Cottier irritation and pressure: Pressure 
and massage will eavite the A-alla fibers 
present :n the skin,so closes the gate to pain. 
An example for this, pressing firmly against 
the anterior border of the ramous before 
inserting the anesthetic needle will close the 
vale fur pain. Again, continuous rolation 
of the acupencture needle stimulates the 
peripheral nerve A-alfa fibers to activate the 
substantia gelatinosa(SG) to close the gate 
for pain. 

®» Torts theory has been widely accepted, but 
IL leaves unanswered questiogs, sucio as 
chronic pain issues, sex based differences 
and the effects of previous pam experiences, 


Theortes of Pulpodentinal Pain Fiber excitation 
Three theories of pain transmission have been 
proposed: 

l- Dentin innervation 

2- Hydrodynamic ‘Theory. 

4- Dentinoblastic deformation or 
(Transduction), 


injury 
4- Bady-self ncuromatrix theory. 


l- Dentin [Innervation 


Taere are nerve fibers within the dential 
‘Ubules that, when injured, initiate the nerve 
impulse {action potential). The nerve and 
dentinoblastic processes are intertwined in a 
corkscrew pattern and therefore it is extremely 
difficult to detect. 


2- Hydrodynamic Theory 

The nerve endings in the subdentinoblastte, 
dentinublastic zones and in the tubules of tuner 
dentin are sensitive fo sudden pressure cranges, 
Huid movement whe dentinal tubules 
Icads to mechanical deformation of the nerve 
membrane. 


inside 


Fluid tn the dentinal tubules comes from 
the intercellular Quid of the pulp connective 
tissue. Movement of tae flnid either pulpward or 
outward, exerts a direct mechanical deformation 
on the low threshold A-delta free nerve fibers 
within the tubule or in the adjacent pulp tissuc. 
The lost fluid is immediately replaced by pulpal 
tissue flu:d responded tc the capillary force 
within the dentinal tubule. The fluid movements 
alsu cause movement of dentinublasts, wigii 
in turn deform tne nerve fiber in contact with 
their processes ar cell body. Tae deformed nerve 
membrane inercascs permeability to positively 
charged sodium ions in the neural membranc, 
which in turn leads to depolarization the A-delta 
fiber membrane and action potential [pain 
impulse) is initiated, 


tated biker 
LE ELEL] 





Fig. 4 Eec of ait blasi on exposed dentinal tubules. 


Clinical Applications: 


" Frictional heat, frictional stresses, pressure 
of chiselling and air blast, cause [uid loss, 
which immediately replaced by pulpal tissue 
flu:d. Dentinoblast and 
maybe also aspirated into tubules evoking a 
painful response. 


nerve terminals 


* Sugars and hypertonic solutions, create an 
asmotic gradient, causing fluid movement 
from deeper tubular area of lesser 
concentration resulting in loss of fluid. The 
‘irst reaction is firing first, the A delta fiber 
and result in sharp pain, If the tnflammat:on 
is present in the subjacent‘ pulpal tissue,a dull 
persistent pain may follow as a conseguanee 
to activation of higher threshold C-fibers. 


¢ Pain with thermal stimulation; a3 fluids have 
a coeficient of thermal expansion ten times 
preater ‘han that of tubule wall su, 


* Cold: In cold 
contraction of the Huid and its outward 
flow whether the tubule is opened or 
closed, so pain is not due to mtrapulpal 
blood pressure. In acute pulpitis, cold 
may not exacerbate response as, A-delta 
fibersarc not viable. 


norinal tooth Cdlses 


Fet: leat causes expansion of the Huid 
either towards the pulp in case of closed 
dentinal tubules or away from the pulp if 
the tubules are opened. Heat in normal 
tooth after longer duration is duller 
and longer because of the activation of 


deeper C fibers, 


N.B.: Cold stimulus is faster than hot, as with 
heat larger volume of dentin must be affected 
before dislocation of the tubule content :s 
produced. 





3- Dentinoblastic deformation or 


(Transduction) 

Dentinablast can be injured by any stimulus 
applied to dentin, thermal, mechanical, chemi- 
cal or osmotic. When dentmoblast are injured 
or deformed, they may produce stimuli that are 
received by the free nerve endings within the 
tubules or in contact with any part of the denti- 
noblast. Dentinublast 1ujury may transmit pain 
throneh: 


injury 


l- Chemoactivation; chemicals 


injured tissues, 


released by 


2- Electroactivation; changes the suface 
clectrical potential of the ncuralmembranc. 
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4. Mechanoactivatiom movement associated 


with dentinoblas: deformation. 


4- Body-self neuromatrix theory 


In 1999 Melzack and Wall came up with 
a newer theory of pain that answered some of 
these questions. This “new” theory proposes 
that pain is a multidimensional expenence pru- 
duced by characteristic nzurosignature patterns 
of nerve impulscs generated by a widely distrib- 
uted deural network-the body-self neuromatrix 
on the brain. 


The theory stated that every human being has 
an imate network of neurons that they named the 
“body-sclf ncuromatmx”. Each person's matrix 
of neurons is un:que and is affected by all facts 
of the person's physical, psychological condition 
& by their experience. 

Acute pains evoked by brief noxtons mnpnis 
have been meticulously investigated by neuro- 
scientists, and their sensory transmisston mecha- 
nisms are cenerally well understood. 

In contrast, chronic pam syndromes, which 
are often characterized by severe pain associated 
with little or no discernible injury or pathology, 
remain a mystery. Furthermore, chronic psycho- 
logical or physical stress is often associated with 
chronic pain, but the relattonship ts poorly un 
derstoud, The seuromuatrix theory of pain prou- 
vides a new conceptual framework to examine 
these problems. It proposes that the ontput pat- 
terns of the body-se f nenromatmx activate per- 
ceptual, homeostatic, and behavioral programs 
after injury, pathology, or chronic stress. Pain, 
then, is produced by the output of a widely dis- 
tributed neural network in the brain rather than 
directly by seusury input evoked by injury, in- 
flammation, or other pathology. 

The neuromatniax, which is genetically deter- 
mined and modinted by sensory experience, is 
the primary mechanism ‘that generates the neural 
pattem that produces pain. [ts output pattern is 
determined by multiple :ulluenees, of which the 
somatic sensory input is only a part, that con- 
verge on the ncuromatnx. 
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Effect of Intrapulpal blood pressure 


Van Hassel, reported that the tissue fluid pressure 
in the pulp 10mm Hg. Slight increase in the 
intrapulpal blood pressure to 13mm He causes 
reversible inflammatory condition. Increased 
pressure to 35mmHeg, tadeces irreversible state. 
due to collapse of thin walled veins and venules, 
that leads to localized vascular stasis, ischemia 
and local cellular death. This cycle repeats itself 
corunu-apically. 

Heat stimulation: Heat application leads 
to vasodilatation in the pulpal blocd vessels 
that leads to increase in the intrapulpal blood 
pressure Intact tooth, specific pulpal temperature 
musi be reached before there is pain. Tuoth with 
wiflamed pulp; an ticreased intrapulpal pressure 
already exist, this Icads to immediate pain to 
eradual or sudden temperature risc, 


Cold stimulation: In case of normal tooth, 
pain due to concentration of the dentinal fluid 
(Hydrodynanuc theory}. In case of acute pulpitis, 
cold may not cxaccrbate painful response, as 
peripheral A-delta receptors are not vital. Cold 
relief pain as it decreases intrapulpal blood 
volume su, vasocoustriction action will decrease 
intrapulpal blood pressure below threshold level 
at viable ()-hbers. 


Current flow theory 


Main with sour, fruit juices, sugars, salt and 
dissimilar metals; may be due to current flowing 
between oral cavity (positively charged) and pulp 
(negatively charged’. Any electrolyte that upsets 
the iunic balance results in current stumeulus to 
the nerve endings of the dentinoblasts. 


Odontog enic pain: 

Odontngenic pain may onginate from the 
pulp and or periapical tissues. Pain criginating 
from each of them is perceived differently. 
In most cases, the diaguusis of deutal pain is 
relatively straight forward. [he history describes 
a cansistent, lagical pattern of symptoms. The 
Patient indicates a particular tooth, which, when 
examined reveals a diseased pulp or periradicular 


tissues and when stimulated, appropriately 
reproduces the significant symptoms described 
in the history. Any departure from this pattern 
should alert ‘he dentist to be extra cautious in 
formulating a diagnosis and treatment plan. 

There are two types of pulpal diagnosis; those 
based on clinical findings and those based on 
histologic findings. Clinical sigas,symp‘oms and 
diagnostic tests do notin many cases, correlate 
with the truc histopathologic status of the pulp. 
Clinically the pulp can be diagnosed as healthy; 
damaged but able to repair (reversible condition) 
or damaged beyond repair (either irreversible 
pulpitis or necrosis). [listologically, pulpitis 
is described as acute, chronic, or hyperplasic. 
The dentinal sensitivity should be distinguished 
from pulpal inflammation. Therefore, we are 
gomg to explain the difference between the two 
conditions. 


Dentinal pain 


This dentinal pain could be referred to 
as hypersensitivity, hyperemia, or reversible 
pulpitis. Dentin sensitivity is probably a 
symptom complex, rather than a true disease; 
these terms describe a specific condition that 
pain is arising from exposed dentinal tubules. 
Pain is poorly localized. The pain is consistent 
with an exaggerated response of the normal 
pulpodentinal complex, and it is severe and 
sharp on application of the stimulus ‘ta the 
exposed dentin. However, symptoms disappear 
immediately alter removal of the stimulus. 


Pain is intensified by: 
® Air blast causes evaporation of the dentinal 
Aiuid, pain evoked by hydrodynamic theory. 


® Dental drill; results in mouvement of deutinal 
Huid as a result of pressure and heat also, 
there 18 deereasc in intrapnipal blood 
pressure (IPP) after 25 seconds to 1OmmH¢g 
and rise above the criginal base increase pain 
(hyperemia). 

* Cold stimulation results in contraction of 
the dentinal Auids and decrease in IPP. 
(Hydrodynamic theory) 
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s Hot stimulation results m :ncrease :n IPP and 
the difference tn coeficient of thermal ex- 
pansion between fluids and dentin (Hydro- 
dynamic theory). 

e Sweet and sour evoke pain by electric cur- 
rent (current flow theory) and the dshydra- 
tion of dentin (hydrodynamic theory). 
Scanding electron microscopie = studies 

show that hypersensitive dentin has more than 
seven mzs the number of surface tubules than 
insensitive dentin. Although dentinal tubules of 
insensitive teeth are accluded, the apertures of 
the dentinal tubules in hypersensitive dentin are 
opened or widened. When examination of the 
tooth reveals the presence of exposed dentin the 
diagnosis 1s dentin hypersensitivity. 

Reversible pulpitis implies tha: from the 
clinical sign and symptoms, and dtaguostic tesis, 
the pulp ts vital and inflamed but possesses the 
reparatrye capabilities to return to health on 
removal of irritant. However, in the presence of 
etiologic factor such as; cartes, fractures, erosion 
uf cervical tuoti structure, Jelective resluraliun, 
recent restoration, as well as periodontal disease, 
a diagnos:s of reversible pulpitis is appropriate. 
Rad:ographic “ndings may show; cartes, 
defective restoration, and no periapical changes. 


Pulpal Pain 


The pulp ts enclosed tn a rigid, mineralized 
environment and has avery I:mrticd ability to tn- 
crease Its volume during episodes of inflamma- 
tion. In this low compliance environment, an in 
tense inflammatory response can lead to adverse 
Increase tn tissue pressure, qutpactig the pulp's 
compensatory mechanisms to reduce tt. “Uhetn- 
flammatcry process spread ctrcumferentrally and 
incrementally through the pulp, perpetuating the 
victucs cycle of pulpal milammatiun. The pain 
in this case pers:s:s after removal of the stimuli. 


l) Acute pulpalegia (pulpitis): tree pulpalgia 
besis with develupment uf pulp 
Inflammation or pulpitis. In the presence of 
inflammation, the response 1s cxagzgcrated, 
which ts often thermal. 
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Hyperalgesia, is one of the classic syimptos 
of urevecstble pulpitis, Imgerimg pata from 
thermal stimulit. Pain is poorly localized; 
it ranges between explosive, intermittent, 
throbbing and borie pain. The cause of pain 
with hot food or drink :s due to the :ncrease im 
the :ntrapulpal blood pressure. Cold, sweet and 
sour and sometimes chewing intensify pam 
due to hydrodynamic theory and current flow 
theory. With provocation, an injured vital pulp 
wili local inflammation can emit symptoms of 
A-delta fber pain, as the exaggerated A-delta 
aber pain subsides, a dull, throbbing pam 
may persist, This second pain signifies ‘he 
inflammatory involvement of C nerve fibers. 
Associated siens ars dzep caries and extensive 
restoration. Radiographically; deep cartes and 
deep restoration with no secondary dentin, 
none or early pertradicular changes in advanced 
conditions. 


Acute pulpitis may be classified into three 
cafezortes according to the stens and symptoms 
as follow: 
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Fig. 5. Vicious cycle af pulpal urilalion and ial areallar . 


a- fneipient acute pulipaleta: t ig a reversthle 
cond:fron usually follows cavity preparation 
or traumatic occlusion. The pain intensity 
may range from mild to moderate and 
disappears on the next day. Parn 1s evoked by 
cold stimulus and sugar m a cartous leston. 
Histologically, extravascular migration of 
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inflammatory cclis, indicating a reversible 
condition. Vitality test gives positive response 
with cold application. The treatment of this 
case is the removal of ine cause, (ollowed by 
sedative cement base. 


D- Moderaicacnie pulpal gia: itis an irreversible 
condition; pain is nagging or buring and 
persisis after removal of the stimulus; as 
C'-nervefbersarc stimulatedby inflammatory 
process. Spontancous(unprovoked) pain 1s 
another hallmark of irreversible pulpitis. Pain 
may co aching for minutes, hours, or days. 
A’ first pain could be localized by tue patiznt. 
If the pulpal pain is prolonged and intense, 
ecniral excitatory cffects may produce pain 
referral to a distant site or other teeth, When 
C-fiber pain dominates A-delta fiber pain, 
pain is more diffuse and the dentist’s ability 
fo identify the offending tooth is reduced. 
Pain inercascs with cold(hydrodynamic 
theoryi, hot food and drink, sucking 
the cavity and biting. Spontaneous pain 
with lying down, or any act ‘hat raises 
the cephalic blood pressure. Tae tooth 
responds sooner to cold application. 


c- Probing,and sometimes percussion duplicate 
pain. 

d- Advanced acute pulpitis: in this stage, 
pain is the most excruciating acute pain. 
Spontaneous severe pain relieved by cold 
(hot tooth).Occasionally the inflamed 
vasculature is responsive to cold, which 
vasocanstrict tre dilated vessels and reduces 
tissue pressure. Momentary relief from the 
intense pain is provided. Relief provided by 
a cold stimulus is diaguostic and mulicates 
that a vital irreversible inflamed pulp is 
bocaming increasingly necrotic. 


2) Chronic pulpalgia: 

Pain in chronic pulpaleia is mild, as pulp 
snows degeneration, it may last for months or 
years, Pain is diffuse and may be referred: it is 
due ‘a increase in intrapulpal blood pressure, Ho: 
drinks, lyigg down and airoplane flight evoke 








pain. Patient cannot localize the tooth. Pain is not 
affected hy cold, appears in cating, Examination 
ofthe toothreveals large carious lesion, fractured 
amalcam restoration, recurrent caries under 
fling inlay). Pelp testing with Cu? ice, vives 
response at aigaest leval. Radiographically; 
caickened periodontal membrane, condensing 
osteitis at the apices cf the roots may be present, 
and disappear afier removal of the cause. 
External root resorption may also be seen. 


Chronic pulpitis may also present otner forms 
of pulpal diseases cr conditions that lead to 
chronic pain such as; 


Ayperpiasic pulpitis: manifested by the 
presence of hyperplasic pulp; tissue crupts 
out of an opened carious cavity. It is 
symptom free Unless stimulated directly by 
compressing food against the cavity, aud 
extreme hot and cold. Pulp polyp may be 
lifted trom the cavity, itis mildly painful. 

a Pulp necrosis: pulp necrosis has 0 
symptoms. Partial necrosis maybe confused 
with chronic pulpalgia. In multirooted teeth, 
the pulp in a canal may be vital, whereas the 
other is necrotic (confusing results).Clinical 
examination reveals s0 response with pulp 
tester or slight response at highest level, dre 
fo some viable C -nerve fibers as has a long 
survival in the presence of hypoxia. ‘Tooth 
may be slightly painful for percussion. 

"= frierial resorpiron pain symptoms similar 
co moderate acute pulpalgia. When present 
in the crown it is called pink spot, if the pulp 
nas broken via the external tooth surface it 
erupts in the oral cavity similar to hyperplasic 
pulpitis. Root resorption could be diagnosed 
radiographically. 

*  fratindiic occlu stot: bruxism or 

yperocclusion are the causative factors. 

Tooth responds as mild pulpalgia, tooth 

is sensitive to cold, and pain appears after 

awakineg. The vagueness of the pain ts 
most important. Electrical and thermal test 
responds like normal or hyperplasic tooth. 

In diagnosing such a case, if one suspect's 

pain Crum trauma, one should louk Cor facets 


of wear on the wola, If confusion between 
it and pulpttts exists, occlusal adjustment ts 
done first, if noreliefof pain, so tt is pulp:tis. 


e ficonplere fracture or split tooth; (cracked, 
touth syadrome) consisis of an mnvomplete 
fracture ofatooth witha v:talpulp Symptoms 
range from constant, uncxplained toothache 
fo hypersensitivity. Hypersensitivity wth 
mastication results in a quick unbearable 
slab as cusp is separated [rom tie remainder 
of the tooth Ifthe split has extended through 
the pulp, bactertal mvaston ocenrs and 
true pulpitis results. Patrents complain ‘that 
tooth is painfu. to bite on, varied patterns 
of referred pain and sensitivity to thermal 

The SYD PLOT 

is sharp pain that occers upon release of 

cacwing pressure, Percussion of the tooth, 
careful probing with explorer, and biting on 

a tooth slooth facilitate d:agnosts. 
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Nonodontogenic pain: 


Many  condttions munie endodontic 
symptoms, The most common noncdontogenic 
conditions that may imitate acute endodontic 
symptoms will be reviewed brielly. However, 
there are distinct clintcal features ‘hat wll 
characterize the condition as nonodontogenic. 
Care must be taken that definitive dental 
treatment 1s not initiated until all doub: has been 
resolved as the origin aud cause of pat. 

Toothache of neurovascular origin. This 
includes a group of pata disorders that have 
common mechanisms involving the trigeminal 
neurovascular system. The mcs: common type 
of pain is migraine headache. Migraine pain 
can be referred to the teeta. Asthe toothache 
necurs i conjunction with one of the common 
forms of neurovascular neadaches, diagnosis 
is rarely a problem. Importantly, the toothache 
subsides When the neadache symptoms subside. 
SUG migraine variants are more of diagnostic 
problem. For example, necrovascular variants, 
or migramous rcuralgias, can produce toothache 
without traditional headache complaint. The 
pain i3 similar to that with :rreversible pulpitis. 
Spontaneous, variable, and throbbing. However, 


sear 


the neurovascular toothache is characterized 
by periods of remission, and exacerbations 
aver months and years, and ‘here ts a lack of 
rzasunable dental cause for che pain. 

Toothache of neuropathic origin. These 
‘ypes of patnmaybeetterepisodic or contmuous., 
The patient usss words not assoctated with 
odontogenic patho-ogy (e.e... burning, electric- 
like, tragliag). 


a- Episodic neuropathic toothache spontane 
ous, severe, sudden, sharp, lancinating, elec- 
trical shock pain that is felt in the touth orra- 
diates. The pain lasis for seconds to nunctes, 
and then it disappears. It 1s consistent with 
trigeminal neuralgia, which occurs between 
the 5" and 8" decades of life and causes dis- 
tress fur the patieut. The most prominen’ 
feature of episodic neuropathic toothache 
is the existence of trigger point. These are 
often located tn tne skin of lips, cheeks, or 
gingiva when touched, they provoke a pain 
ful response. Nevertheless, the possibility 
that these symiptums are being triggered by 
pupal pathosis must be ruled ont. To differ- 
entiatc tnesc attacks, the period of remission 
is also free from the thermal and periapical 
sequelae seen in genuine endodontic pa 
thosts. Un-fortunate_y, anesthet:e blucking 
arrests the paroxysms of pain, which may 
lead tc a mistaken diagnosis of odontogenic 
pain, 


b- Continuous neuropathic toothache some 
neuropathic toothaches produce a persistent, 
ongoing unremttting pain. These pains may 
be exacerbated by local provocation, such 
as percussion of the tooth or toucaing the 
surrounding gingiva, which adds confusion 
to tne diagnosis, The neuropathic conditions 
that can produce continuous toothache 
are neurotic pains (neuritis).Neurotic pain 
that arise tn the maxillary and mandibular 
divistons of ‘ne trigeminal nerve can cause 
dental pains. Neurotic pains results from a 
spread cf inflammation from surrounded 
structure to neural structures. The pain is 
often (continuous, aching, and burning in 
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nature). Occasionally neuropathic pain may 
arise after dental treatment, such as simple 
restoration, pulp extirpation, apiccectomy or 
extraction. These conditions may appear as 
a phantom tooth ache described by atypical 
odontalgia. Atypical odontalgia has been 
referred to as toothache with no obvious 
organic cause and is charactenzed by 
prolonged periods of throbbing or burning 
pain in the teeth or alveolar process that 
occurs in the absence of any identifiable 
uduntuvenic cause. Must cummmonly, this 
condition affects middle-aged Clancasian 
women, and the maxillary canine and 
premolars are involved, 


Herpes Zoster (Shingles). A recurrence of 
herpes zoster infection involving the secund and 
third divisions of the trigeminal nerve can be 
manifested in a rare prodrome cf symptomatic 
pulpitis. Like any trigeminal nerve involvement, 
pulp pain is unilaterally confined. Toothache 
pain can be localized in one or more teeth, and is 
described as sharp, throbbing, and intermittent. 
The symptoms are believed to be genuine pulpal 
painu and notimmmicked. Arecent report suggesls 
that varicella virus can lead to adverse pulpal 
rosponscs; cven necrosis. Other complications 
may inelude tocth exfoliation, internal resorption, 
and UstSUneLrusis, 


Toothache ofmaxillary sinus origin. The apices 
of the maxillary cane to molar teeth may be 
scparated fram ‘he sinus by a thin osscous plate 
orby a thin membrane. Inflammation of the sinus 
Lume mucosa can evoke favtal pain thatinvolves 
all of the related maxillary teeth Generally, teeth 
adjacent to the sinus have healthy pulps. They 
are sensitive to percussion, pain can increase 
with eating, involve the entire quadrant, or refer 
‘a the mandibular teeth on the same side Patient 
reports fullness in the face, pain that mereases 
with lying down or bending over, and tenderness 
of the skin overlying the sinus. In the differential 
diagnosis of maxillary sinusitis, the enduantral 
syndrome and barodontalgia, barosinusitis, or 
both, must be considered to rule out a coexisting 
endodontically induced infection of the sinus 
lining, 
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Toothache of myofacial origin. The muscles of 
mastication, particularly masseter, temporalis, 
and anterior digastrte, can induce referred pain 
felt as tooth ache. It is common for a patient to 
compla:9 of musecvularpain after extensive dental 
treatment, during which the mouth has been open 
for extended periods. Pain usually increases with 
emotional stress or vigorous, extended use of the 
involved muscles, 


Toothache of cardiac origin. The presence 
of jaw pain related to angina pectoris and 
myocardial infarction highlights the importance 
of recording each patient’s medical history. 
Reports on the condit:on of cardiac induced jaw 
pain show approximately LO of cases refer 
pain to the mandible. Myocardial pain may 
manifest itself in the form of pain in the left arm, 
especially down the inner aspect, as well as pain 
in the neck, jaw, or teeth. The attendan: signs 
of shock, nausea, difficulty breathing, sweats, 
clammy skin, and pallor may accompany these 
syinptoins. Radiographs and pulp tests of all 
the teeth in the painful area w:ll appear normal. 
Sensitivity testing cannot reproduce the pain. 
Failure of analgesic blocking to arres: the pain 
completely confirms that the primary source of 
pain is not the tooth. 


Atypical Odvntalgia 
(Idiopathic or Phantom tooth) 


First reported by McElin and Horton tn 1947. 
The pathophysiology of atypical odontalgia re- 
mains unclear unt:] the first hypothesis by Mar. 
bach 197€ who reported that atypical odontalgia 
was of similar etiology tc phantom limb pain. 
He expla:ned that after injury there is a change 
in the organization and activity of central and pe- 
ripheral nerves, which may result in chronic pain 
and other related symptoms like paresthesia. 


Chen & Cohen (2002), proposed thatthe etiology 
may be due to: 


Sensitization of pain fibers, by sprouting 
adjacent afferent nerve fibers, or by sympathetic 


activation of afferents and che loss of inhibitory 
mechanisms. 


Epidemiologic information indicates that 3% <0 
6% of palients develop aiypical odon-alvia aller 
endodontie treatment. Tt occurs among women 
mm their mid-40s, Moulars aud premolars :n the 
maxilla are most often affected 


Clinical characterization: 


l. Persistent toothache following pulp ex:irpa- 
tions, apicoectomy, or tooth extraction, facial 
irana alter inlerior alveolar nerve block. 


2, Prolonged periods of constant throbbing or 
burn pain in teeth or ihe alveolar process. 
No odontogenic eliulugy observed clinically 
or radivgraphically. 


3. The patient’s sleep is cndislLurbed, and there 
may be a brief symptom-free period on 
waking, 


4. Difficulty in localizing the pala. 


5. Worst at the site of the original trauma, but 
can spread to adjacent areas, unilaterally or 
bilaterally. 


6. Local anesthetic block gives unclear results, 
and patients rarely find relief with analgesics, 
including narcotics 


Neoplastic Toothache 


QOrofactal pain may be che inittal symptom of 
oral cancer and can motivate patients to scck 
care from their dental practitioners, 


a. Squamous cell carcinoma (SCC) 


. Primary squamons cell carcinoma (SCC) of 
the oral mucosa may present with pain and 
sensory disturbances that nume toothache 
symptoms particularly when located on the 
zinetva, vestibule or floor of mouth. 


* Tt was found that pari to be the first clinica] 
sien of oral cancer in 19.2% of cases. These 
malignancies are cxtremcly rare. 
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a Primary tntragsseous SCC occurs within 
the jaws, has ou initial congecttun wilt 
the oral mucosa, they can be mistaken 
for odontogenic origin since the clinical 
presentation of localized bone loss may 


have the appearance of localized periodontal 
dtacagc. 





Fig. 6. Primary initaosseous SCL. 


b- Nasopharyngeal cancers 


May present with signs and syiptuims that have 
been confused wth, and treated as, tempro- 
mandibular disorders, parotid gland lesions, and 
odontogenic infections with trismus. 


Sigs and symptoms of nasopharyngeal carc:- 
nomas may mimic tempromandibular d:sorders, 
SUC as: 
l. Facial pain. 
Limited jaw opening. 


Z 
3, Devcation of the jaw on opening. 
q4 Earache. 

2 


Headache, 


C- Systemic cancers 


Such as lymphoma and leukemia may nave 
intraoral manifestations that mimic toothache 
symptoms. 


Infiltrating pam wiih sensitive structures sach as 
periosteum and gingiva, localized pam that may 
becontused with odontogenic and/or periodontal 
condi ions. 
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In rare circumstances, the asteclytic lesions 
af multiple myeloma may develop adjacent to 
teeth. When this occurs, olduntogenic pain is 
common and presents a radiologic diagnostic 
challenge as the osteclytic lesions appear to be 
associated with teeth but are actually related to 
the systemue disease. 





Fig. 7. Ostzolytic Lesions in the mandible. 


d- Distant non-metastasized lung cancers 


The facial pain is almost always unilateral 
affecting the ear, jaws and temporal region, 
frequently described as severe and aching, and 
usually continuous and progressive. This may 
be confused with referred pain of odontogenic 
origin. 

The referred facial pain of malignant origin can 
occasionally precede the appearance ol neuplasin 
on routine chest films The tumor invasion and 
compression of the vagus nerve by the tumor 
was the presumed cause of pain, 


£- Metastatic matignanctes 


Metastasis often develop from the breast in 
women and the lung and prostate in males, with 
the most common sites of occurrence in the ‘aws 
being the posterior mandible, angle of the jaw, 
and ramus. 


In metastatic disease of the jaw bones pain has 
been reported in 39% and paresthesia in 235% of 
patients. The metastatic lesion in the oral region 
to be the first indicatiun of an undiscovered 
primary malignancy at a distant site . 


f. Chertotherapy 


Chemotherapy-induced toxicity injuries to the 
periphera: nerve might manifest as pulpitis-like 
toothache. 


Toothache of psychogenic origin. On cccasion, 
a patient may report symptoms of toothache 
‘hat do not fit any clinical orofacial pain entity. 
When the pain complaint 1s confined ta a tooth, 
the condition may be described as a psychovenic 
woul ache. Adentist shuuld suspecta psychogene 
tooth ache only aber eliminating other organic 
causes uf toothache. Munchausen’s syndrome 
is characterized by an elaborate description or 
-Teation of pain thal is not real ur is self-inllicted. 
The psychotic or neurotic patent vives a bistury. 


Periapical pain: 

Acute apical periodontitis (AAP): tooth 
is painful to touch and occlusion. Pain is 
severe 24 hours a day and lasts for few days. 
Tooth is e.evated in the socket. The pain is 
due to violent inflammatory reaction in the 
periapical area (osteitis). 

2- Acute apical abscess (AAA): pais is similar 
to AAP but with lower intensity. Pain 1s 
developed by initia: discomfort and may 
be mild, gradually build up in intensity, as 
abscess 1s indurated and hard. When alveolar 
plate of bone is eroded the pain decreases. 
Pain is evoked by heat due to expansion 
of gases, percussion greatly increases the 
periapical pressure due to wedeing action 
of the tapered roots. Adjacent tooth may be 
tender due to colatcra, edema and is painful 
to percussion. Periodontal absecss differs 
than AAA in that; involved tooth is vital, 
mild response in percussion and normal 
adjacent tooth. 


3- Chronic apical periodontitis (CAA): 


seldom painful. 


4- Apical cyst: painless unless infected. 
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5- Chronic apical abscess (CAA): it is called fistula duc to increase in periapical pressurc. 
suppurative apical pertodon ‘itis. External rool resruption ts a common finding. It 
[t ts symptom free tn case of dry fistula. Some may develop phocnix ahsecss with typtcal signs 


discomfort is shown on closing the sinus or andsymptome of acute apical abscess. 


CHAPTER REVIEW QUES TIONS 





1. Adtabelic cardiac patient complaining from pain related to the upper and lower left molar arza, diagnose 


and develop possible treatment modalities. 
2. Aualyze diffa eul ways of maoavemenl fon adaulopeoic mfecuuns. 


3, Discuss different ways of management for odontogenic and nonodontopenic lesions. 





«©  Harpreaves KM, Cohen S. Cohen's Pathways of the Pulp. 10" ed. Mosby FI Sevier, 2011. 


«* [ngle IL, Baklaod LE, Baumgailuer JC [ugle’s Eudoduntics 5.6" ed. BC Decker Iaz., 2003. 


«= Dahl E, Mjér (4. The structure and distribution of nerves in the pulp-dentin ogan. Acta Odontol 
Scand, 1973 Dac; 31(6):349-46, 


* Moayedi M, Davis ED. Theories of pain: from specificity topatecontrol. J Neurophysiol 20.3; 109:3- 
l2 


© *hitps en.wikipedia.org wiki/History_of pam_theory 
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After reading this chapter, 





the student should he able to 


Postgraduate students 


should be able to 





Management 
of Pain and Pain 


Saving Methods 


TECHNICAL & CLINICAL ENDODONTICS 


Management of acute pain 

Diagnose and treat the cause of the pain. 

Lise a flexib e analgesic preseription strategy. 
Prée-treat with non steroidal anti-inflammatory drugs. 
Use long acting local aresthetics. 


Recent approaches to pain saving methods 
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MANAGEMENT OF PAIN AND PAIN SAVING METHODS 


Management of acute pain 


cute inflammation often produces 
a condition known as hyperplasia, 
which is characterized by spontane 
OLS pain, an exaggerated response to 
stimulation,and reduced pain threshold. Sunburn 
is a classic cxample of hyperplasia. The acute in- 
lamanation associated with pulpal aud periapi- 
cal disease will sometimes lead to hyperplasia. 
The management of pain due to inflammation 
is directed at blocking the development of 1y- 
perplasia. Key actions which help you achieve 
effective management of acute pain: 





Diagnosing and treating the cause of pain. 
2- Usca exible analgesic prescription strategy. 


3- Pre-treat with nonsteroidal anti-inflanmatory 
drugs (NSAIDs), 


4- Achieve profound anestresia; and use long 
acting loucal anestnelics when indicated, 


D Diagnose and treat (he cause of the pam. 


Acute pain is generally a syimptum of 
underlying problem. Managing the symptom, the 
pain along, generally dues got cure the problem, 
[1 most cases of acute dental pain, drug therapy 
is only adjcnct to dental treatment. Often, denial 
‘Treatment alone can result in substantial pain 
relief such as the immediate reduction of pain 
that can follow incision and drainage of an 
abscess or the relef that can be accomplished hy 
pulpectomy of an irreversibly inflamed pulp. 


Consequently, before drug therapy can be con- 
“dered, the first steps tn pain management are: 


* Make an accurate diagnosis. 


* Provide effective treatment 


If an accurate diagnosis cannot be reached, 
the paticnt should cither be re-appointed for sub- 
sequent reevaluation or referred tu a specialist. 
Because of their years of training and experience 
win diagnosing dental pain, endodontics can be 
a resource forthe difficult to diagnose pain prob- 
lem. Tae subjective questioning should attempt to 
provide a narrative from the patient that addresses 
che patient's own words, mcluded the following: 


l- Location of the chief complaint, The patient 


is asked to point the source of pain directly. 


E- 


The dentist can note if the pain is intraoral or 
extraoral, precise or vague, and localized or 
diffused. If symptoms radiate, or if the pain 
is referred, the direction and extension can 
be also demonstrated, 


Onset of symptoms. The patient should relate 
when the symptoms of the chief complaint 
were initially perceived. The vast majority of 
patignis with toothache have a previous his- 
tory of pain in tae same location. 


Characterisucs of pain. The pain vau be 
classified as severe if it interrupts or signifi- 
cantly alters the patients daily routine. Pain 
usually indicates tissue damage and to same 
extent, reflects the extent of damage. How- 
ever, sometimes fear of dentists and dental 
procedures causes an exafgeration of per- 
ceived pain, resulting in an inconsistency 
between symptoms and pulpal pathosis. It is 
important for the dentist to record details of 
symptoms. 


Duality of pata. Vhe patient is asked to give 
a description of cach symptom associated 
with the odontogenic pain. Ths description 
is important for the differential diagnosis of 
pain and for selection of objective clinical 
vests to repraduce symptoms. 


® ull, gnawing and aching describe pain 
of bony origin. 

* Throbbing, pounding, pulsating 
describe the vascular response to Lissuc. 
inflammation. 

® Sharp, electric, recurrent, or stabbing 
pain usually cacsed by pathosis of 
nerve root complea, sensury ganglia, 
or peripneral innervation, which is 
associated with irreversible pulpitis or 
tri-geminal neuralgia. 

© Astugle episode of sharp, persistent pain 
can result from acute injury to a muscle 
ur ligament as tempromandibular joint 
dislocation or iatrogenic pertoration into 
the periodontal attachment apparatus. 


* Puipal and periapical pathosis produce 
sensations that are described as 
acing, pulsating, throbbing, dell, 
radiating, stabbing, or jolting pain. The 
diaenostician should not ignore the fact 
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that many of these adjectives can also 
describe nunudualougenie painusis. 


b- fatensip- of pain. The patient's perception 
of and reaction to pain is widely variable. 
The dentist, therefore, should ‘ry to quantify 
the intensity level of the pain symptoms 
reported by the patient. Patient should try to 
quantify tac pain, from no pain to severe or 
intolerable. Patient snould classify the pain 
as mild, moderate, or severe. 

= The Numeric Rating Scale (WRS-11) is an 
11—point scale for patient self-reporting of 


pain. 

« [tis for adults and children 10 years old 
or older. 

> NRS-I1 


Tabie { 1) Numeric Rating Seaie 











Wo Pain 


Mild Pain (nagging, annoying, inter- 
tering little with ADLs 
| activities of daily Living]) 





Modcrate Pain (interferes significant- 
ly wila ADLs 


Severe Pain (disabling; unable to 
perform ADEs) 


Heft-Parker visual analogue scale 
(VAS Scale) 


Place a mark on the fine below to show the amount of pain that feel 
0 TEN 3J J6 a4 Bo 114 144 TZU mm 


Wae Faini Weak = Abid Lhode-zle Bring anse hta xin 


Porsible 


Fig. 1: Heft-Parker visual analogue scale (YAS) 


4- Factors affecting pain symptoms The 
objective of this part of examination is to 
identify which factors provoke, intensify, 
alleviate, or otherwise affect the patient’s 
symptoms The stimuii generally associated 
with odontogenic symptoms are heat, cold, 
sweet, percussion, biting, manipulation, and 
palpation. A history of prolonged, pamre] 
responses to thermal changes suggests a 
problem of pulpal origin. Clinical tests using 
the thermal test that most closely reproduces 
the patients complaint are Indicated to locate 
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the source and intensity of the response. 
The dentist must inform the patient that it 
may be necessary to waita while for vague 
symptoms to localize. This conservative 
approach is sometimes necessary when 
patiosis is confined to the pulp, which can 
refer pain to other teeth or nondental sites. 


5- Supplementary hislory-the pain diary. A 
datly diary can provide valuable information 
to ad in the difficult diagnosis. A pain 
diary provides an hour by hour or day by 
day narrative that can help the clinician 
determine if the pain :s odontogenic or 
nonodontogenic. 


After organizing, analyzing, and assimilating 
all of the relevant descriptions, facts, and data, 
the dentist should be ready to proceed with ciini- 
cal-examination phase of the diagnostic process. 


2) Use a flexible anal: 


esic prescription strategy. 





It is important fo note that analgesics do not 
have any therapeutie ellect on the underlying dis- 
ease and they essentially only act by blocking the 
pain sensation being experienced by the patient. 


The majority of painful dental problems 
that require analgesics is due to inflammation 
of one of the oval, dental or associated tissues, 
this inflammation may be a result of various 
factors such as infection, trauma and following 
an operative procedure. 


+ Ifthe painis caused by infection antibiotic 
prescription will be required. 

e Jf the problem is purely inflammatory in 
origin as anti-intammatory drug would 
be indicates. 


Analgesics 
i. Nen-nerceties 


Usedfor mild and moderate pain by inhibiting 
the prostaglandin syuthesis, 


a) Non steroidal anti-inflamimnatory drugs 
(NSAIDS): 


Aspirin 
Ibuprofer: (Advil) diflunisal (Dolobid) 
piroxicam (Feldene) 

A) Artipyretic aaa! eestcs 


Acefaminophene (Tylenol) 
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H. Narcotics 


Used fur moderate to severe pain, its action affects primarily (he CNS, its disadvantages is ii 
requires high tolerance, high patient dependence and devoid of anti-inflammatory activity. 


* Morphine. 
e WMetnadone. 
* Mepridine (Demerol). 


* Codeine 


Tabie (2) Flextble analgesic pian 








Indicated contraindicated 
Mild 200 lo 400 mg ibuprofen 650 lo 1000 mg 
pain | 6r850 mg aspirin acealaminophan 
Inacequala Inadequata 
relief rellaf 
600 lo KH mg ibuprofen 650 Io 1000 mg 
Inadequala acalaminophar 
Modarate relial r + | 
iala equivalent ic 
par 600 mg ibuprofen FeO ee AANA 
1000 mg acelammophan 
Inadequale 
Inadaquala 
| relel | relial 
600 mg ibuprof inoph 
Sirin 9 D uprofan 1000 mg galls Bn 
pain 


equivalent lo 10 mg oxycodone 


Flexible analgesic plan 


Rach patient tn your practice is unique. Faca 
has different needs. If you always prescribe 
the same analgssic, some patients will be 
under-medtcated and experience unnecessary 
pain while sume will be over-medicated and 
experience unnecessary side effects. So a 
flextble prescription plan is recommended, The 
strategy for this plan is to beam by preserthing 
a maximally effective dose of a non-narcotic 
analgesic and then later prescribe a narcotic 
analges:c only 1f tne pam continues. 


i; with NSAIDs, 


The use of pretreatment and post treatment 
analgesics may sigoiicantly reduce the incidences 
of Hare-ups, especially for paticnts in moderate 


3) Pre-treatin 





Acalaminopoien'oplala combo 





Opigle equivalant io 





10 mg oxycodone 


to severe pain, Because endodontic pain results 
from numerous inflammatory and immunologic 
pathways, most endodontists prefer NSAIDs to 
narcotics for interfering with this process and 
reducing pain symptoms. NSAIDs inhibit the 
production and release of chemical mediators of 
inflammation. In addition, aspirin is generally 
not used to pre-treat patients, especially before 
surgical procedures, where aspirin can increase 
bleeding. 


4) Using long - acting local anesthetics 


It is important to achieve profound anesthesia 
prior to initiating treatment. It is equally impor- 
tant to ensure that the anesthesia is of adequate 
duration. Adequate anesthesia not only ensures 
comfortable treatmen: but alec reduces post-op- 
crative pain. Combining NSAIDs pretreatment 
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with the use of Jong actme local anesthesta can 
result innearly 70% of patients reporting pain as 
cither sonc or slight, even at 7 hours after surgi- 
cal removal of impacted molar. 


fo achieve a Paiiless injection the operator 
should das 


a. Topical anesthetic, 

b. Stretching the mucosa, 

c. Slow injection. 

d. Warming the anesthetic solution. 

e, Two stage injection. 

fF. Gentle insertion of the needle. 
Mechanism of action of L.A: 


a. LA mainly blocks the voltage vated sodium 
channels preventing nerve depolarization. 


b. LA blocks classes of G-protein coupled re- 
ceptors that respond to endogenous aleagen- 
Ic substances (inflammatory mediators) that 
induce analgesia. 


Typcs of ancsthctic drugs 


There are many types of local anesthetic 
drugs. Lignocaine is the gold standard among 
other types, as if proves high efficacy, low al- 
lergenicity and low toxicity. Recently Articaine 
was introduced to the marke. 


Arcane: 
a. Paster onset of action. 
b. Longer duration of action. 
c Iligher success rate. 


d. Greater potency (1.5 times more petent). 


i 


Lower systemic intoxication, 


-r 


Used safely in pregnancy. 
g. The neurotoxic effects of articame: is 
higher in the form of paresthesia. 
Oraverse 


Patients vet annoyed from lip numbness al- 
ter the dental visit. Sa injection of oraverse 
will relief this sensation. This drug composed 
of phentolamine mesylate. [tis a non-selective 
alpha adrencrgeic blocker causes vasodilatation 
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that leads to a rapid washing away of the local 
anesthetic aveul. 
The selection of a local anesthesia for use 
in dental procedure should be based on the 
following criteria: 
a. Duration of the dental procedure. 
Requirement for homeostasis., 


c. Requirement for 


control. 


post-surgical pain 
d. Conutraindications tothe selected anesthet- 
ic drug cr vasoconstrictor. 


SD, pain management protocol could he 
summarized as follow: 


Control anxiety, deal with fear first, then 
pain will be a minur problem, as anxie!y leads 
to true fear that lowers the pain threshold. 
Highly nervous patients metabolize anesthetics 


rapidly. 
Anxiety reduction could be achieved Dy: 


a lLatrosedation, confidence, control, concern 
and communication, 


b. Pharmaco-sedation by oral sedatives are 
taken the night before and one hour pricr to 
surgery tu facilitate treatment 


Inhalation sedation, Nitrous oxide is used 
with apprehensive patients or whohave alow 
pain threshold. 

l- Preoperative aral NSAIDs, 1 hour before 
start of treatment 

2- Local anesthetic of choice for pain control 
UJuring surgery. 

3- Local anesthetic administration at END of 
procedure immediately prior to dismissal 
of patient. 

d- Clontinue oral NSAIDs on timed basis. 


Stress Reduction Protocol (for medically 

compromised patiens): 

a. Professional confidence, by the operator 
when dealing with the patient. 

b. Avoid or minimize pain as possible, 
patient assurance to do so. 


c. Preoperative scdation b y medication. 


d. Intra-operative sedation, topical and 
lucal anesthesia. 


= 
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e. Schedule morning appointments. 


Avoid surprises, explain to the patient 
what ^he is going to experience during 
and aller operalion. 


2. Ensure postoperative pain control. 


Recent approaches to pain saving 
methods 


The extreme variability of toothache 1s such 
that a good rule for any examiner is to consider 
all paims about the mouth and face to be of dental 
im origin until provide otherwise. The ability to 
provide excellent, high-quality pain control 
in endodontic practice is based on a practical 
knowledge of the causative Caclors; endodontic 
pain is best managed by eliminating these causes. 
Many attempts were made to control pain before, 
during, and after dental intervention. Here we 
are presenling some of the recent approaches to 
control pain. 


l- ‘Targefed Electronic Anesthesia (TEA) 
System. The TEA system presents tne 21* 
century alternative to the traditional syringe. 
The TEA system is an invasive form of 
anesthesia tnat blocks pain clcetronically, 
using the same cellular mechanism as local 
chemical avesliesia. H provides pain conlrol 
for restorative dental procedures without the 
use of needles or postoperative discomfort, 
numbness, and swelling. 


2- The Computer-Assisted System. The 
COIL puler-assislted sysler bul perl oris 
syringes Cor traditional injections. The new 
system generates a precisely controlled 
anesthetic Aow rate that eliminates the need 
for the operator to use thumb pressure lu 
administer anest‘1es1a. 


A- The Ward device: |thas aspiration feature 
to avoid intravascular administration, 
Provides a computer controlled rate 
Tor L.A administration, using a built-in 
microprocessor. Tne rates of mysetion is: 
* Slow for palatal injections. 


* [ast for buccal infiltrations. 


* ‘Torbo for lock anesthesia. 


Ja 


E- Single tooth anesthesia system: Intro- 
duced in 2007 (Milesione Serentific). Il 
has a “Dynamic Pressure Sensing DPS 
module” which provide feedback to the 
operator abont tne tissbe pressure al tne 
needle tip to determine the ideal needle 
position for “‘intra-lgamental in ections” 
and is being tested for producing predict 
able “intra-pulpal” anesthesia. 


The use of pulsed Nd. YAG laser and 
Co? laser. Nd: YAG laser is advocated as 
an alternative mean of providing analgesia 
during routine dental procedure. The mean 
Tesponses measured 5 min alter laser 
treatment with |12-mJ p at 15 pulses (pps) 
for 2 minutes. The pain threshold returned to 
baseline value after 60 min. Nd: YAL laser 
treatment is also used to decrease dentin 
hypersensitivity without detrimental pulpal 
effects. Other, studies used Co2 laser in the 
trealiment Cor the reduction and elimination 
of dentinal hypersensitivity. 


Transcutaneous Electric Nerve Stimula- 


tion (TENS). 


* [tis based on TENS concept and gate 
control theory for blocking pain 


© Idea keeping ihe nerves busy wiih some 
elcetrical signals via vibrations, just hke 
the telephone with a busy signal 


* [tis used as a supplement Corihe traditional 


LA 
Advantages: 
a. No need for needle 
b, Remains for several hrs 
Disadvantages: 


a. No cxtended analgesic cttcet after 
its removal. 

b. No vasoconstriction action. 
The TENS f used in many fhelds of medicine 
to provide safe and effective pain relief, yet 
application of this technique in dentistry 
remains almost unexplored. The pain 1s 
eliminated or minimized under TENS ar 
99 Hz. Patients preferred high-frequency 


TENS because of the accompanying 
sensations of warmth and relaxation. 


TERS seems not to be useful in the case of 
painful dental imerventions. 


The Audio Analgesia. Audio analgesia (mu- 
slic and random notisejand electronice dental 
anesthesia may be used with considerable- 
SNCCESS In pain Suppression and control. 


Blectro-acupuncture (RAP). EAP proved 
to produce analgesia. 


The virtual reality, The virtual reality is a 
uniquely attention-grabbing medium capable 
of maximizing the amount of attention drawr. 
awayfromthe “real world”, allowing patients 
to tolerate painful dental procedures. Virtual 
reality may also have analgesic potential for 
other painful procedures or pain populations. 


Nonstop attempts are made. to introduce new 
methods, techniques, and medications to 
overcome the man’s second enemy,the PAIN, 
The use of these modified techniques may 
have a positive influence or patient safety, 
patient comfort, and office productivity. 


Intra-oral lignocaine patch [DentiPatch): 
Contains 10-20% lidocaine, placed on 
the dried mucosa for 15 minutes., It is 
recommended For use in achieving topical 
anesthesia for both maxilla and mandible 


INJEX needieless device : 
Indications | 

a. [rfiltratior of L.A. 

b. Paediatric dental work 

c. Anterior deciduous teeth 
Coaratadioanitons: 

a. Nerve block 

b. Using for adult patients (Fig. 2) 
Advantages: Needleless 
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Disadvaniag es, 


a. Nol elective ir all techmuyues 
b. Need speciñe device 


c. Patient feels pressure dunre solutior. 
adiuirisiraiion 


10- Nanotechnology in ancsthesia 


Colloidal suspension containing analgesic ir. 
nanohots 


Controlled through nanocomputer to reach 
DT. then pulp and release drugs. After 
finishing work, the dentist order ranobots to 
restore all sensations. 


Advaniag és. 
a. Patient comfort and reduced anxiety 
b No needles 
Fast and completely reversible 


d. Avoidance of most side effects and 
Lor plications 


Il- Buffering the anesthetic solution: 


In February 2011 in the United States, 
a system was introduced that enables 
consistent and accurate buffering of local 
anesthetic solutions. Tne addition of sodium 
hicarbonate with the aid of the device, the 
pll-valne of the local anesthetic solotior 1s 
Increased, 


ihe higher PA leads te: 
a. Less burning scrsatior. during injechon. 
b. Less post-treatment soreness 1s achieved, 


c. More rapid onset of action through 
the nerve membrane to block sodium 
channels. 


d. Less tissue damage 


a n 
ba. - oe 


Give 


ae ae 





Fig. 2. INJEX neecle.ess devicz 


RECA E AL ave BE as Sa or er Bers 


83 


MANAGEMENT OF PAIN AND PAIN SAVING METHODS 








Assess different drugs uscd for control of odontogenic pain according to patient illncss and body 


cond ition, 


Discuss 3D approach in management of acutz periapical lesions (emergency). 
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Postgraduate students should be able to 


1, Discuss etiologic factors causing su pal inflammat ot 


ba 


Identify Ure faclors determine pulp lisse response Lo an 
irritant 


3. Identify various classiticaiions advor aled for pulp disease. 


4. Distinguish clinical and radiographic Features of pulpal 
Jise ases 


ident fy etiologic factors causirg per asizal inflamma- 
Hiorélasions 


La 


6. Classify psriapiac lesions of pulpal origins 





After reading this chapter, 
the student should be able to 


f Distinguish clinical and radiographic features of perapi- 
acl lesions of pulpa origin 


Pathways of the pulp 
Etiology of Pulp Inflammation 


Microsial 
lak-agenic: 
Tre umalis. 
Idispathic 
Classification of Pulp Inflammation 


Pulpal Diseases 


Irtlammatoy D seases of The Pulp 
Ariilional Pulp Diseases 


Pulpoperiapical Pathosis 
Classification of Pulpoperiapical Pathosis 
Symptomate Puloperiapical Diseases 


Asymptomatic Pulpoperiapica Pathosis 


PoP AND PR a Pe eas SBA Ses 


84 








he inflammatory process in the pulp 

13 Dasically the same, as clscwrerc 

in ‘he body connective tissue. In the 

pulp, ‘here are several factors, that 
change the response (irreversible process, pulp 
cannot regenerate) dee to: 

l) ‘The pulp is a unique C./1, that is almost 
totally surrounded by hard tissue, limiting 
the areafor tissue expansion. Thus restricting 
the pulp's ability to tolerate oedema causing 
irreparable damage, dee to stagnation or 
slranvulation of the pulp circulation. 

2) Lack of collateral circulation (main 
circulation 1s through the apical foramen and 
accessory canals). 

3) Pulp is ‘he only organ that can produce 
reparative dentine. 


Pathways of the pulp: 

It is the roule taken by muecrovrganisms to reagi 

the pulp. 

l) Direct extension: Throuzh the dentinal tu 
beles, as in case of: caries chemicals placed 
on dentin. 

2) Anachoretic: Localisation of blood born 
baclena wilhun the pulp, as blood coming 
from remote arcas, as maxillary sinus. 

3) Extension of periodontal disease throuzh: 
lateral canals. 
apical foramen, 


Etiology of Pulp Inflammation 
1) Microbial: 


- Bacteria and their products are the most 
common cause forendodontic diseases. 

- Bacteria enters the pulp trough any of the pre- 
vious pathways. The response depends on: 

No. of micro-organisms x Virulence 

Tissue resistunce 

2) latrogenic: 

1) Physical: 

1) Pressure: 
Increase pressure will lcad to mercasc friction 
which will lead to increase heat production 
which will increase possibility of pulpal 
irritation 


2) Speed (RPM): 


Increase KREM when will lead to increase 

friction which will tnerease heat. 

a) Conventional speed: Such low speed 
reyuires the application of 
pressure increasing heat production 
(most dangerous speed, ranges from 
3000 -30000 RPM). 

) Air motor (ultra high speed, ranges 
From SOU — SOOO RPM) is the most 
cfficicnt specd range, occause it docs 
not require pressure application. 

Size of the instrument: 


more 


Larger size produce more friction causing more 
heat generation. 


3) Depth of cutting: 

The most critical factor in determining 

the degree of pulp response. Remaining 

dentine thickness 18 measured trom the Hoor 

of the cavity to the pulp tissue. As dentin 

is the best insulator, thus more dentine 

thickness give better insulation. 

- The safest dentin thickness, is 2 mm, 
especially when using conventional 
speed, 


4) Presence or absence of an insulating base: 
- It is important postoperatively together 
with the remaining dentin thickness to 
isolate heat. 
- We could use a base only or a base and 
sub-base, especially when filling a deep 
cavity wilh amalgan. 


5) Other physical factors: 

a) Loss of enamel duc to abrasion or 
crosion leads to exposure of dentinal 
tubules. 

a.) Dligh filling causing frequent pulpal 
trauma. 

c) Hotimpression material or wax. 

d) Tooth drifting. 

c) Orthodontic treatment, if forccs 
beyond tooth’s physiological limit are 
applied. 


a T 
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Il) Thermal: silver nitrate: 
D Pressure: (as in physical), Causes coapulation of pulp proteins and 
2) Speed: RPM (as in physical), some sort of nfammation followed by 


necrosis. 

B) Chemicals used during filling of the cavity: 
Orthophosphoric acid of zine 
phosphate cement is an irritable 
material, 

Acids of acrylic resin and camposite are 
also severely irritant, 


3) Depth of cutting: (asin physical) 


Type of culting instrument: 
Abrading instruments are much more 
dangerous than drilling instruments, 
due to their broader surface area. 
4) Coolants: 

- Anefficient coolant musl be used. 3) 
Tne most efficient coolant system 1s | 
air-water spray, as alr alone 18 not 


Traumatic: 
ai The response to trauma appears 
dependant on the severity of the trauma. 


ensuen ant i aS oe erompanrn by b) The response to trauma from an accident 

water, either as: spray or water jet or biting on a hard object may vary, 
- If an efficient coolant 15 to be used where 

with high speed, the remaining dentin 


ae | p 1) Some pulps heal with no adverse effect. 
thickness is to be Drought to 0.3 mm of 


2) Some teeth respond to trauma by 


Lae pulp. inducing pulpal calcification. 
Metallic filling without proper 3) Some teeth become necrotic, as 
insulation: trauma causes Inflammation and cut 
Transmils environmental thermal of blood supply. 

changes to the pulp, already irritated 

by cavity preparation. 4) Idiopathic: 


Heat generated by setting cement 
and polishing of restorations, 


. Classification of Pul 
IT) Chemicals: Inflammation 


A) Chemicals used for cleaning of the 


Internal resorption. (as secen later) 


cavity: 1) According to severity and duration: 
Phenol: 1) Acute: Characteriacd by formation of 
Must be apphed for a long duration, to exudates, 
be effective causes pulp nmitation. ii) Chronic: Characterised by proliferation 
Eiher and chloroform: of ussues fornuimy granulauonm ussue 
When they evaporate produce (young fibroblasts, young dlood vessels 
a) Heat generation and young nerve flores). 
b Withdrawal of some fluid from dentinal ili) Subacute. 
tubules which will lead to desiccation 
and iitalion. 2) According to presence or absence 
Hydrogen peroxide: of symptoms: 
Gives rise to nascent oxygen. which i) Symptomatic. 
may enter through open dentinal tubules ii) Asymptomatic. 
to the pulp causing embolism and 3) According to the ability to heal: 
strangulation of the blood vessels Icads i) Reversible. 
to degeneration of supplied areas. ii) Irreversible. 
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PULPAL AND PERIAPICAL DISEASES 


Pulpal Diseases 


D Inflammato 
Hy peraemia 
Acute pulpitis 
Subacute 
Chronic pulpitis 


‘diseases of the pulp: 





U) Additional 
Necrosis 
Retrogressive pulp changes: 
Atrophy 
Calcification 
Internal resorption 





ulp diseases: 





(The only reversible condition of the pulp) 


- Detnition: 
A local vasodilatation that leads to clevatcd 
capillary pressure, increased vascular 


permeability, with predisposition of oedema. 
- Pathogenesis: 
Ii Yasodilatation. 
2) Inercase amount of blood in the vessels. 

3) Inecrcasc pressure leading to increase 
vascular permeanility and fluid exudate, 
N.B.: The pressure produced is a subliminal 
pressure: less than the pain threshold of the pulp 

organ. 
Examination and Diagnosis: 
i) Visual cxamination: 
A) Carious cavity. 
B) Recently filled deep cavity without a 
protective base, 
C) Recent trauma. 
ID Signs and symptoms: 
- Shock pain, which is sharp and of brief 
duration, itis triggered Dy mild irritation 
(heat, cold, sweat or sour) 
Fain stops immediately, as the irritant is 
removed. 
- No spontaneous pain. 
I) Percussion: -yE 
IV) Radsographically: normal 


Vi Vitality tests: 

a) Thermal test is ¢+ve, especially cold 
application. 

b) Electric pulp tester (Vitalometcr) has a 
+ye response at low current. 

- Treatment: 
- Treating the cause, e.r.: 

a) Filing a carious cavity. 

b) Removal of a deep filling and place a 
temporary hllme for 1 week or LO days, 
before making a new filling with an 
underlying base. 

- The best treatment is prevention,e ¢.: 

a) Control of operative procedures. 

b) Sedative base should always De used in 
deep vuvilies. 


2) Acute pulpitis (irreversible pulpitis 
Hot Tooth: 

- Definition: 

A clinically detectable severe, painful and ir- 
reversible acute inflammatory response of the 
pulpal (LT to an irritant, m which cxndates are 
hyperactive and play a dominant role. 

- Pathogenesis: 

1) Vasodilatation. 

2) Increase vascular permeability and capillary 
pressure wili loss of plasma protzins. 

3) Fhind exudation and lencocytic infiltration 
that follows. More increase in intra-pulpal 
pressure, which will reach the pain thresnold 
for the nerve ending, causing PAIN, 

4) Blood flow is slow, congestion and stasis 
resulis. 

5) Regional Uissue cells are deprived of their 
O2 and nutrition leading to necrosis. 

6) Intra-pulpal pressure and pain continue to 
incercare, as pus forms and hacmorrhage 
oceurs from the rupture of blood vessels. 

7) Continuing spread of local inflammation, 
which leads to a necrotic pulp as an end 


result. 
D Early (Incipient stage: 
Hot; pam increase, due to increase 


vasodilatation and mercasc pressurc on 
C-fipres (Hot Tooth) 


TECHNICAL ACL HICAL ENDODONTICS 


Cold, pain increase due to hydrodynamic 
theory (movement of fluids in dentinal 
tuzulc, result in deformation of A delta 
fibres 


Il} Advanced stage: 


Hot; pain mereasc, duc to inercasc 
vasodilatation and inerease pressure (HOT 
TOOTEL 


Cold; pain is relieved, due lo contracuon of 

- Blood vessels 

- Exudate fluid andthe patient may come 
to the dental office with a plece of ice to 
relieve pain. 

N.B: Cold dose noi cause pain because A della 
fibres die at late stage and presence of 
secondary irritants. 


- Examination and Diagnosis: 
I) [listory and Visual examination: 

Aj History of carious cavity. 

G) Recent deep filling witn no base. 

©) Trauma. 

D) Crown 

cooling. 
il} Signs and Symptoms: 

- Severeorsharpexcruciating throbbing 

pain, can be Spontaneous or : 

A. Cansed by an irritant, pot lingers for 
zome time after the removal of the 
CANA GC. 

R. Pan increase at nieht or when the 
palient hes down, due to merease of 
cephalic blood pressure, increase intra- 
pulpal blood pressure. 

C. Diffuse or referred pain, because pulp 
as only sensory nerve endings, while 
pain localization requires the presence 
of both sensory and proprioceptors. 

Ili) Percussion tests; -ve 
iV) Radiographically: normal 
V) Vitality tests: 

- Thermal: 

In the carly stage; both hot and cold 
HI bedase pal. 


- In the advanced stage, heat increases 
pain while cold decreases it. 


reduction without sufficient 


> Electric (Vitalometer); +ve response ata 
low current. 
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- Treatment: 

Koot canal therapy. 

N.B.: Ditterennal diagnosis between hypcremia 
and acute pulpitis. 

L) Reversible pulpitis causes a momentary 
painful response to the thermal change that 
subsides as soon as tne stimulus ts recorded. 
However irreversible pulpitis causes pain- 
ful response to thermal change that lingers 
alter the stimulus is removed, 

2) Reversible pulpitis does not involve aco- 
plaint of spontaneous pain, while irevers- 
ible pulpitis includes a complaint of sponta- 
neous pain. 


3) Subacute pulpitis: 
A case in between acute and chronic. 
characterised by mild to moderate pain and 
treatment by root canal therapy. 


4) Chronic pulpitis: 

- Definition: 

Au mlanuualory response ol pulpal C.T. 
to an uritant in which proliferative forces 
are yperactive and play a dominant role, 
ie irritant is a stimulant for proliferation of 
granulation 880e. 

Proliferation = Formation of granulation tissue. 

(tendency For healing) 

A) Chronic pulpitis is asymptomatic , as there 1s 
an outlet for exudate througn: 

- Carious cavity 
- Venous or lymphatic circulation. 

So the pressure did not reach fre pain threshold. 

Bi The low grade irritation simulates formation 
of granulation tissuc: 

- Youn? finroblasts 
- Young blood vessels. 
- Young nerve endings. 

N.D.: Granulomatous tissue (fibrous tissue + 

chronic inflammatory ccl ls} 

C) If the tooth wita chronic pulpitis is filled 
with temporary filling, the pathway for 
exudates is closed and pressure incercase 
causing oedema and pain. 


BE 
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- Classification: 
A) Chronic ulcerative pulpitis: 

It is a chronic inflammation of a cariously 

exposed pulp, by the formation of an abscess 

ata point of leading to ulceration. 

Tne pulp is formed of 3 zones: 

D Zone of necrosis: [nner most zore formed 
of necrotic tissue releasing exudate and 
necrotic by-products, 

2) Zone of contamination: Middle zonc, 
[nat consists of exudate + enronic 


inflammatory cells, 
3) Zone OE Oulermost zone, Laal consists of 
sranulation tissue. 





Fig. 1. Chronic Pulpitis 


Hi Chronic hyperplastic pulpitis (pulp polyp): 
This chronic inflammation of cariously 
exposed pulp 1s characterised by overzrowth 
of granulomatous tissue into the various 
cavity, forming a palyp which ts usually lined 
by stratificd squamous cpithchum of mucosa. 

- Jt occurs in young patients or adolescents, 
especially those having a proximal cavily. 

- Polyp is - pinkish in colour 

- casily hlecding 
- rot sensitive 


- Diagnosis and Examination: 

li Visual examination: 
History of a long standing carious cavity. 
Visually: ulcerated lesion and large carious 
cavily in chronic ulveralive cases. 





Fig. 2 Pulp Polyp 


Pinkisn polyp which bleeds easily in chrome 
hyperplastic. 
Sions and Symptoms: 
No or slight pain so called asymptomatic 
because product of exudaiive zones 1s 
drained away through: 
l) Carious cavity, 
2) Venous orlymphaue eireulation. 
ITT} Percussion: ve 
IV) Radiopraphically: cormal 
V) Vitality tests: 
Themal test no response or may be delayed 
response witn heat. 
Electric pulp test responds at nigh current 
- Treatment: 
Root canal therapy for ulcerative pulpitis. 
Cauterisation of the polyp, Followed by root 
canal treatment for hyperplastic pulpitis. 


IT) 


Additional Pulp Diseases 
1) Neerosis: 

- Definition: 

Death of pulp tissue in sequel of; 

a) Acute and chronic mflammation. 

bì) [Immediate arrest of circulation due to 
traumatic injury. 

a) [t could either be complete or partial 
ep. one root of a multi-rooted tooth or 
involving the pulp chamber while the 
root canal is still vital. 
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- Classification: 

D Liquifactive necrosis: 

Occurs when there is good blood supply 1.2. 

acute or chronic inflammation. 

Charactcrised by the presence of pus. 

- Proteolytic enzymes cause proteolysis. 

- Cells die and autolytic enzymes produce 
antolysis. 

- Anaerobic bacteria release putrifiying 
enzymesn causing putrifaction then pus. 

Coagulative necrosis: 

Occurs, when there is poor blood supply 

e.g. trauma. 

Characterised by a soft solid cheesy-like 

mass (caseation), this mass is formed of 

enagulated protein, Fat and little amonnt of 

water, 

- Diagnosis: 

I) History and visual examination: 

History of carious tooth or trauma. The tooth 

is dark in colour (due to affection of dentin 

by necrotic tissue or extravasated R.B.Cs). 
Il} Signs and symptoms: painless 
III) Percussion: -yE 
IV) Radiographically: normal 
widening of the lamina dura. 
V) Vitality tests: -ve, cxcept in cases of: 

a) Partial necrosis. As multirooted teeth 
may vive +ve response, if only one rool 
is totally necrotic and other roots are not. 

b Liquifactive necrosis, where the fuid 
present will transmit a current to the 
periodontal ligament; false response. 

- Treatment: 

Root canal treatment must not be done in 

one visit, where in the first visit the clinician 

cleans and shapes the canal using crown 
down technique. 


I) 


or = slight 


2) Retrogressive pulp changes | 
Irritation of tie tooth induces aging of tre. 
pulp called: - catabolic - aging - dystrophic 
$ Atrophy. (fibrosis) 
- Definition: 
Wasting away or decrease in the size of an 
organ due to faulty nutrition. 
- Histopathology and pathogenesis: 
a) Decreased no. of cells. 


on hh, 
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b) Decreased ground substance. 

c) Increase mature collagen fibres (like 
craberass); tiese nundles cause anoxia or 
nypoxia of the cells, the cells shrink and 
their nuclei 2ecome. pyknotic. 

- Diagnosis: 

D History andvisual examination 
History of carics, attrition crosion or trauma. 

li) Signs andsymptoms: painless 

HD Percussion: -YC 

IV) Radiocraphically: normal 

V) Vitality tests: -ve or shows a slight 
response to a very high current. 

- Treatment: 

Mav be left untreated, unless the parent complains. 





IT) Calcification (Chalky Tooth): 

- Definition: 

Calcium deposits in the pulp chamber or root canal. 
- (Classification: 


A) Pulp stone (dentielcs): 
More common in the pulp chamber. 
According to Incation: 
- Free (lying free in the pulp cham Der) 
- Attached (due to further calcium deposition) 
Embedded (more dentin laid around them) 
According to structure: 
D True denticles: 
Not dystrophic in structure, composed 
of dentin Formed hy: 
- Detached odontoblasts 
- Proliferation of fragment of epitnelial 
sheath of Hertwig. 
2) False denticles: 
in wiich deposition of calcium salts in dead 
or degenerated tissue oecurs, due io the al- 
kalinity of tne destroyed tissue, which acts 
as central nidus for deposition of concen 
tric layers of calcified tissues called calcific- 
metamorphosis or dystrophic calcification. 


Lò) Diffuse calcification: 
More common in the root canal alongside 
walls of tlood vessels and nerves. 
- Diagnosis and ¢xamination: 
[) History and visual examination: Affected 
tooth may give history of trauma, or carics. 
Visually: The tooth looks lifeless, takes the colour 
of a piece of chalk (chalky tooth) because enamel 
does not show normal translucent appearance being 
on Lully caleilied back yround. 
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iD Signs and symptoms: Painless 
iHi) Percussion: -VE 
iV) Radiographically: 
Cakile changes could be seen 
V) Vitality tests: Response at a very high 
current or no response, depending on the 
degree of calcification.. 
- ‘Treatment: 
No need for treatment unless patient is 
vomiplaiming, 


IIT) Internal resorption (pink spot): 
- Etiology: 
The exact etiology is unknown, but may 
pe due to 
- Trauma = - Inflammation 
- Pathogenesis: 
Trauma canacs: 
[Lì Intra-pulpal haemorrhage. 
2) Extravasauon of blood, which 
changes into granulation ‘issue. 
3) This tissue proliferates on the inter- 
nal wall causing sumulation of den- 
‘noclasts, resarption of interior wall, 
scalloping (Hawship’s lacunae). 
This process can go on uniil: 
l- A thin laver of dentine or enamel is left, 
so that red capillary granulation may be 
seen through enamel (pink spot). 





- [diopatiie 


2- Actua perforation, where il may open 
into tie periodontal ligament. 
- Diagnosis and cxamination: 
1} History and visual examination: 
History of chronic inflammation or 
trauma. Pink spot can be seen. 


Il) Signs and symptoms: Io pain 

lit) Percussion: -ve 

EV) Radiograplically: Area of internal re- 
sorption could 5e seen on the radiograpi. 

Y) Vitality tests: When dentin was 
removed [rom the resorbed area response 
at low current would follow. 

- Treatment: 
Koot canal treatment, which should be done imme- 
diately.To wait and see mean loss of tooth structure. 


Pulpo-periapical Pathosis 
Definition: 
Pulpoperiapical pathosis is an inflammatory 
response. of the periapical connective tissue, due 
to a pulpal irritant, 


Etiology: 

i) Pulpa! inflammation, extending from the 
root canal to the periapical tissue, across the. 
apical foramen. 

2) Pulp extirpation creates a wound, due to 
tearing of tissue causing Inflammation of the 
periapical tissue. 

3) Ovcr-instrumentation, as a result of imac- 
curale measurement of rool canal length. 


4) Improper manipulation: 

- Pushing some chenucals into the R.C. and 
surrounding periapical tissuc. 

- Pushing toxic material or remnants of 
dentin or pulp into the periapical area. 

5) Incomplete removal of the pulp tissue: 

infected remnants extended to periapical tissue. 


Classification of Pulpoperiapical Pathosis: 





Symptomatic 


Acute apical periodontitis (incipient stage) 





Asymptomatic 


1) Chronic apical periodontitis(incipient stage) 


1) Acute apical periodontitis (advanced stage) | 2) Chronic apical periodontitis(advanced stage) 


a) Acute periapical abscess 
3) Reerudescent (phoenxjabscess 
2) Subacute periapical abscess 


a) Crronic periapical abscess 
b) Periapical granuloma 
c) Periapical cyst 


3) Condensing osteitis. 





Symptomatic Puloperiapical Diseases 

Definition: 

An inflammatory response of the periapical 

C.T., due to pulpal irritation, in which exudative 

forces are hyperactive and play a dominant role. 

Sequel of events (pathogenesis): 

1) The irritant passes from tne pulp to the 
periapical tissue, 

2) VYasodilatation and extravasation of 
fluid, increase intraperiapical pressure. 
(subliminal pressure) 

3) Tooth i pushed a little bit ocelusally, 
sirelching of periodontal laments. 

4) Sensation of tooth elongation and pain. 

5) Biting on the tooth relieves pain, due to 
blood driven away of dilated blood vessels 
and decreases pressure, 

6) If the irritant persists, prolonged vasodila- 
tationis followed bv: 

- inflammatory exudate 
-Jeuecoe yuie infiliration 

7) The toota becomes more tender as the process 
advances towards the next stage, whic 1s: 
ACUTE PERIAPICAL ABSCESS 

8) The cells of the periapical tissue suffer 


from: 

anoxia, Wwpoxia, necrosis, autolysis, 
release oof proteolytic enzymes and 
proteolysis leading to pos formation. 


(all are internal irritants) 

In the advanced stage: 

9) Agelutination of the extravasated fluid 
and pus and hence biting on the tooth will 
increase the pain. 

10) Pus stimulates the osteoclastic activ- 
ity lcading to resorption, penctration of tne 
cortical bonc, pus becomes submucosal and 
swelling appears. 

TYPES: 

1) Acute apical periodontitis (incipient stage): 

I) History and visual cxamination: 

History of: 

- trauma 

- old carious cavity 
- crown preparation. 





iD Signs and symptoms: 
a) Severe pain. 
bh} Pam 18 localised, dus to the presence 
of proprioceptors in the periodontal 
ligament, 
ill) Percussion: Pain increases on percussion. 
IV) Vitality test: If pulp is vital as in case of 
acute pulpitis with upical periodontitis 
isee the previous response in acute 
pulpitis) 
YV) If pulp is necrotic or removed, negative 
Tespiti 
VYD Palpation and mobility: 
Palpation, no swelling 
Mobility, immobiles 
VID Radiography: Normal or slight widening 
of the lamina dura, which inereases with 
ime. 
Treatment: 
Root canal treatment. 
N.B.: In case of acute pulpitis with apical 
periodantitis, signs and symptoms of both 
conditions will be shown. 
It is considered the most difficult condition 
to be treated, considerable time must 5e 
given in the first visit, because: 
The depth of anaesthesia is a common 
proble. 
Inflamed tissue must be removed from 
the apical portion of the canal (pulpecto- 
my} in order to assure complete pain relief. 





2) Acute periodontitis (advanced stage): 
Some Features are the same as In the incipient 
stage, except for the thro>bing pain which 
increases 
- with biting on the tooth and at night. 

a) Acute periapical abscess: 

Definition: 

Advanecd exudalive and severe symplomaue 
inflammatory response of penapical C.T. It is 





caused ay contarminants from the R.C., that 
canse an Increase in: 

- inflammatory exudate 

- leucocytic infiltration 

- suppuration 


of 
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see before 

Diagnosis: 

D Visual examination and history: 

a) Redness and hotness of the mucosa 
opposite to the periapical region of the 
affected tooth. 

bì Swelling of the oral mucosa and skin is 
noticed later. 

Signs and symptoms: 

a) Severe throbbing pain increases witi 
biting or at ngit. 

b) Feeling of fullness or elongation of the 
tooth. 

ci The patient suffers from fever, malaise 
or loss of appetite. 

N.B.: 

- The mosi intense pam occurs, as the 
pus penetrates the outer plate of bone 
and begins to raise the periosteum. 

- Önce the periosttcum and mucosa 
rupture, due to: 

- pressure of the suppuralive maternal, 

- aperator’s scalpel, 

- the pam subsides and will not return 
unless the drainage is blocked. 

I) Percussion: Severe pain on percussion 
(patient wouldn't let you touch i) 
Palpation and mobility: - Palpation; 

a) No swelling in the early stage, bur hrm 
pressure against [nc mucosa over the 
root end gives }ve painful response. 

b) Resorption of overlying corucal bone 
and localizauen of lhe suppurative 
mass beneath the mucosa witn palpable. 
Huctuant swelling. 

- Mobility, slight mobility. 

MD Vitality tests: 

-ve result, because the pulp is necrotic. 

IV) Radiographically: 

Normal or sh ght widening of the lamina dura. 

Treatment: 
Root canal treatment, access cavity should 
be done as soon as possible, to allow drainage 
of the pus and relief of pressure. If drainage 
cannot be done throng R.C.: INCISION 
and DRAINAGE. 





b) Recrudescent abscess (Phoenix): 
Definition: 
Acute exacerzation of a ecnronie lesion 
(Phoenix: oreaking out ancw). Phoenix is a 
bird from the Greek myth, it was said to 
come dut from the ruins of a burnt down 
city, 
Etiology: 
hi develops as a granulomatous zone, 
wich becomes contaminated or infected 
by elements from the root canal, as during 
endodontic procedures. 
So micro-organisms or remnants of dead tis- 
sues move from pulp ta the periapical tissue 
causing irritation and acute stage occurs. 
Diagnosis: 
All steps are similar to acute periapical 
abscess, EXCEPT POR a large well defined 
radiolucent area. 
Treatment: 
Same as acute periapical abscess. 

c) Subucute periapical abscess: 








Definition: 


This isa painlul phase ofa chromic periapical 
abscess cycle. 

Etiology: 

Blockage of the drainage of a sinus, eg. 

- Temporary filling. 

- Coagulated material in sinus tract, 

N.B.: in chronic abscess there is no pain, 
because there 1s drainage through the stoma. 
Signs and symptoms: 

- Mild to moderate pain. 


- Red ballooning out (gum Dol) opposite 
to the area of drainage. 


Asymptomatic 
Pulpoperiapical Pathosis 
Definition: 


Any reaction of the periapical tissue to 
Indammation, where proliferative forces are 
hyperactive and play a dominant role. 


N.B.: If irritant is of low intensity, tre chrome 
periapical response may develop from the 
onset or it may develop from an acute apical 
periodontitis whose acute features have 
dissipated. 


TECHNICAL & CL NICAL END OGCHTICS 


‘pes: 


1) (Chronic apical periodontitis 





a) Chronic periapical abscess: 

This long standing low grade inflammatory 
reaction of the periapical C.T. to pulpal 
irritants, is characterised by the formation 
of pus draining through the stoma of a 
sinus tract. 

[t develops from = = chronic apical peri- 
odontitis or acute periapical abscess, that 
found a pathway for drainage tnrougzh the 
mucosa. 

I} History and visual examination 
History of long standing caries or 
ranma. 

IT) Signs and symptoms: Painless 


Ill} Percussion: -ve or slight discomfort 


IV) Palpation and mobility: may be 
some depree af mobility, due to bone 
loss. 

VO Vitality tests: -ve 

VD Radtographically: Ul-defined (hazy) 
radiolucent area around the apex. 

Different from cyst and granuloma, by the 
presence of ill defined radiolucency (hazy 
margin), 


Treatment: 

Root canal treatment. 
Mild painful 
sinus tract is blocked (eg. by epithelial 
overgrowth) and pressure will build up by 


S¥Miploms occur wien 


formation of pus and sallooning occurs 
beside sinus (aumboil). This ts subacute 
periapical abscess. 


h) Periapical granuloma: 

- Characterized by growth of pranmulomatous 
tissue and presence of chronic inflammatory 
cells. 

sequel of cvents: 

Irritant pass from pulp to periapical tissue 
lead to: 


TECHNICAL & CLINICAL END GOGO NTICS 





_ See N 


A) Zone I (zone of necrosis): 

Necrotic material and sometimes microor- 
ganisms from pulp to penapical tissues. 

B) Zone 2 (zone of comtamunation): 
Contaminated material from zonel and some 
inflammatory cells. 

C) Zone 3 (zone of irritation): Consists of 
granulation tissue without micro-organisms. 

D) Zone 4 (zone of stimulation): 
stimulation of fibroblasts at the peripnery 
of zone 3, fibrous capsule, stimulation of 
osteoblasts and bone formation. 


- All diagnostic fewiures are the same as in 
chronic periapical abscess except 

- Radiographically: Well-dcfined radiolncent 
area surrounded by radio-opaque margin. 

Clinically no sinus tract 15 present 

c) Periapical cyst: 

Definition: 

A periapical granuloma with a central fluid-filled 

epithelial lined cavity. 

Pathogenesis: 

l) Irritation of the epithelial clusters 
(epithelial rests of Malllassez) in the 
periapical granuloma (epithelial rests of 
Mallassez are from epithelial root sheath of 
Hertwig). 

2) Epithelial cells undergo malvsis and prolilerale., 

3) Epithelial cells do not have its own blood 
supply, but depend in its nutrition on the 
surrounding granulation tissue. 

4) Central cells become far away from blood 
supply. 

5) C.T. of the granuloma, gives out finger- 
like processes into the epitneliam, to try to 
Inercase tne blood supply. 


6) The blood supply is still not cnough, so 


fatty degeneration of tne central cells and 
release of Auids takes place. 


7) Surrounding cells ake up Nuit and undergo 
sponpgiosis. 
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8) These cells loosen and fall into the centre 
of the cavity, which increases the osmotic 
pressure in tne center. 


9) Adefinitcentralcavitydevelops, containing 
fluid and num vers of cells in different stages 
of degeneration. 

10) Fluid from ‘he surrounding granuloma- 
fous tissue is attracted to the center of the 
mass, because the cyst wall acts as a semi- 
permeable membrane and protem of dead 
cells clevate osmotic pressure. 

11) Cystic growth causes pressure on 
surrounding C.T., producing ischemia and 
so more epithelial cells die and the cavity 
MICTeases in size. 

12 Cystic growth occurs on the expense of 
the bone as it stimulates undifferentiated 
mesenchymal cells to form ostcoclasts 
and bone resorption takes place (egg shell 
crackling). 

13) Around the cyst taere is a taick layer of bone 
(condensing oster‘ts i}. 

Diagnosis: 

D History and visual examination: History 
of periapical granuloma , due to pulp affection 
by caries of trauma. 

Il) Signs and symptoms: Painless or sligat 
discomfort. 

lil) Percussion: -ve or shgat discomfort. 


IV) Palpation and mobility: 

-Palpation; swelling, ezg shell crackling. 

- Morility; increased mobility, due to bone 
resorption and may reach root of the 
neighboring teeth. 

V) Vitality tests:-ve result or false +ve in case. 
of liquifactive necrosis. 

VI) Radiographically: Well defined periapical 
radiolucency, surrounded by a radio-opaque 
margin, 

VID Treatment: Root canal treatment + surgical 
removal of the cys! + apicectomy. 

3) Condensing osteitis: {pulpopenapical 

osteose]erusts) 

(4) It is a productive response of the 
periapical hone to a low grade long 
standing pulpal irritation. 

(B) Characterized by high density of 

banc, not because of concentration of 

minerals, but because of osteoblastic 
hyperactivity. 

So increase bone formation at apex in 

expense of bone marrow space, which 

decreases. 

Radiographically radio- 

Upayue, 

Treatment by roof canal treatment, 


appears 


candition subsides. 





AAE Consensus Conference Recommended Diagnostic Terminology 


Pulpal 
Norma! pulp 


Reversible pulpitis 


Symptomatic irreversible 
pulpitis 


As mptomatic irreversible 
pulpitis 


Fulp TLE TOSS 


Previouslvtreated 


Previously initiated therapy 


Apical 
Normalapicaltissues 


Symptomaticapical 
periodontitis 
Asymptomatic apical 


periodontitis 


Acute apical abscess 


Chronicapical abscess 


Condensing osteitis 


A clinical diaguestic categury in which the pulp is symptomn-tree 
and normally responsive to pulp testing. 


A clinical diagnosis based on subjective and objective findings 
indicating thal the inflammation should resolve aud the pulp 
return to sormak. 


A clinical diagnosis based on subjective and objective findings 
Indicating that the vital inflamed pulp is incapable of healing. 
Additional descriptors: lingering thermal pain. spontaneous pain, 
referred pain 


A clinical diagnosis based on subjective and cbjcetive Andings 
Indicating that the vital inflamed pulp is incapable of healing. 
Additional descriptors: no clinical symptoms but inflammation 
produced by caries, caries excavation, trauma. 


A clinical diagnostic category indicating death af the dental pulp. 
‘Lhe pulp is usually nonresponsivec tc pulp testing. 


A clinical diagnostic category indicating that the tcoth has been 
endedontically treated and toaecanals are chturated with various 
filling materials ctnerthan intracanal medicaments. 


A clinical diagnostic category indicating that the toota has been 
previously treated by partial endodontic tacrapy (eg, pulpotomy, 
pulpecstomy!. 


Teeth with normal periradicular tissues tnat are not sensitive to 
percussion ot palpation testing. Thelaminadurasurraunding tae 
rectisintact, andthe pericdontal ligament space is uniform. 


Inflammation, usually of the apical periodontium, producing 
clinical symptoms including a painful response to hiting and/or 
percussion or palpation. It might or might not be associated with 
an apical radiolucent area. 


Inflamunatian and destruction of apical periodontium deat ts al 


pulpal origin, appear as an apical radiolucent arca, and dacs not 
produce clinical symptoms. 


An toflammatery reaction lu pulpal infection amd necrosis 
characterized by rapid onset, spontanecus pain, tenderness of 
the tooth to pressure, pus formation, and swelling of associated 


tissucs. 
An inflammatory reaction to pulpal infection and necrosis 


characterized by gradual onset, little or no discomfort, and the 
intermittent discharge of pus througn an associated sinus tract, 


Dnifuse radiopaque lesion representing a localized bony reaction 
to a low-grade inflammatory stimulus, usually seen at apex of 
tecth. 
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Discuss the etiology of pulpal inflammation. 
Claseify pulp and pertapical discases and discuss one in detalls. 


Give an account on Phoenix abscess (definition. pathogenesis and clinizalfradiodraphic features). 


Correlate histopathological changes with clinical picture in di Ferent stages of irreversible pulpitis. 
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Pulp and Periradicular Microbiology 





è Pathways of pulp anc pe- radicular intectian 
è tole of barleiia iiu [3 alir] paritarir ula’ idections 
i RB ee he k Sacterial palweenicily and vi alence fac bors 
After reading this chapter, sii cai Saal tli illite 


the student shauld be able to ® Types af flora ot Pafo and Periraclicular es ons 


è Sacterial ideatiication techniques 
aana fia ibe palo and e Methods of control awa erad cation of root canal infection 


Pulp and Periradicular Immunology 
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PULP AND PERIRADICULAR 


MICROBIOLOGY 


Pathways of pulp and periradicu- 
lar infection: 


Micro-organistus m saliva, caleulus or blood gn- 


ler inside rool canal (hrougty 


II. 











Exposed dentinal tubules duc to 
carica, leaky restoration, Fracture, crack, 
periodontal pocket, attrition, abrasion or 
natnrally-abscnt cementom and cnamel at 


cemento-enamel junction, 


Direct pulp exposure duc to canes, restor- 
alive procedure, fracture, 


Lateral canals due to periodontal disease 
with deep pockets. 
Apical foramen due to periodontal disease 
with deep pockets. 


Anachoresis due lo micro-vrganisiiis elrcu- 
lating m blood or lymph reaching an area of 
damaged tissues periapically. 


Role of bacteria m pulp and 
eriradicular infection: 





Bacteria was found to be the main cause of 
pulp and periradicular infection. Kakehashi 
elal 1965 made an experiment on 2 groups 
of ralis; germ free and normal microbial 
flora rats. Pulp exposures m ral teeth were 
lef exposed to saliva. Pulp necrosis and 
periapical pathosis (abscesses) developed 
only in rats wilh normal oral Jora. So there 
is a direct role of baclena in imtiauoen of 
these pulliosis, 


Patterns of microbial colonization: 


Organisms that infect root canals enter as 
planktonic form which is free floating 
single micro-organism cells in an aqueous 
environment inside root canal which can 
cause Infection, 


Ill 


Then, they form aggregates wich are 
grouping of micro-organisms of the same 
coaggregates 
grouping of micro-organisms of different 


species and which are 


species, 

Bacteria then adhere to dentin surface. 
colonize and multiply to form biofilms. 
Sessile biofilms are averevales of one 
Or more species of Dacleria In a INAMIX 
Lal they synthesize and ihal attaches the 
MeToO-organisim (od solid surtaee (e.g looh 
surlace). 

Infection in root canal: 


Intection depends on : 


Number of micreorganisms X virulence 


Host resistance 


Selection of species inside root canal de 
pends on oxygen tension, pH, nutrient avall- 
able, virulence and microbial interaction 
(synergism / antagonism) and host defence. 


. Bacterial pathogenicity 
and virulence factors: 


Bacterial virulence factors include: 


1. Bactertal biofilm: 


Microbial biofilms are resistant to 
antimicro dial agents and can not be removed 
by mechanical preparation alonc. Inside 
biofilms micro-organisms have synergistic 
effect or antagonist effect on other micro- 
organisms. So, biofilms protect micro- 
organisms inside it; it is one of the causes, 


2. Cellular components of micro-organisms: 


a) Fimbrie (pill), waich allow adherence of 
bacteria to surfaces and allow aggregation 


and con ‘ugation 


b) Capsule of gram +/ ve bacteria that protects it 
from phagocytosis 


CHAPIER 


c) Extracelluler vesicles :n cytoplasm of gram d) Exotoxims 


-ye bacteria 


- some vesielts are scercted that have the 
same structure as parent micro-organ's ms. 
They will bmd to anttbodies produced, 


li is composed of polypeptides which are 
produced in the cytoplasm of Gram+ve 
bacteria mainly, and also m Gram -ve It 
is secreted by Itving micro-organisms. 
One of exotoxins :s leukotoxin whic 


thus. protecting thetr parent micro- i Melee Ge ie e 

Cledales sma WIGS IM 12 LOOROCY¥YLS 
organisms. | l Mes 

membrane causing cell lysts. Yet, tt has 

- Sumy vesicles contain enzymes and no significant role as F.awefcatua: in 


toxins, allow bacterial adhesion, and cause 
heamagelutinat:on, hemolysis, proteolytic 
action. 


3, Micro-organisms’- scercted by products: 


Micru-urgantsims produce and secrete acids 
and enzymes as 


endodontic 
exotoxin. 


treatment does not producs 


IV. Types of flora of pulp and perira- 


dicular lesions 


Types of endodontic infection 


a) Enzymes that neutralize immunoglob- = 1. [niraradicular: infection inside rout canal. 
ulins and complement systems as Ig A lt can be divided into primary, secondary 
protease and persistent infection 

b Enzymes that aid inthe spread of micro- 2. Extraradicular: infection outside of root 


organisms in host tissue. They cause 
direc! damage by degrading corm punents 
ol the the 
connective tissus. 


extracellular matrix of 


Protetnases: breaks down proteins. 
Collavenase. breaks down collagen. 


Hyalurontdase: breaks down hyalurontc 
acid, a 
substance of the connective ftasuc. 


constttucnt oF ine ground 


Chondrio-in sulftase and acid phosphatase. 


Fibrino-ysin: is produced by many 
jemolytic streptococci. It lysis fibrin 
zlot and ts involved :n the spread of the 


infection through tissues. 


c) Endotoxins 


Ii ow composed ol lipopolysaccharide 
{Lipid A portion) which is a composent of 
‘he outer membrane of Gram -ve bacteria 
omy. It :s released after the micro-organ- 
‘sm ’s death. it activates complement sys- 
tem, causes Fever, shock and bone resorp- 
‘tor it tnercascs m sympfomatte cascs. 


canal 


L. Intraradicular: 


a) 


Primary infection: The first micro- 
oryanisinps which mvade and colonize 
necrotic pulp. It ts mixed polymicromtal 
infection, mainly containing anerobic and 
some facultative micro-organisms, with 
increasein obligate anerobes especially G-ve 
bacterta. Each roo’ canal contains about 4-8 
different species, 

By PCR, micro-organisms tdentthed from 
infected canals were mainly: 


irmecutes: Sirepfececcns mmfans, sangine- 
sits, teermneatus associated with smooth and 
pit & fissure cartes 


Peprestreptococcus (anaerebiis) Enterococ- 
cus fecalis 


Fusobacterta: Pusebactertuar (imiecleatinn, 
per idotttciti) 


spirochetes: reponer (sacranskit, deuticola! 


Actinobacteria; Acritionzyces — (israeli, 
edontolyticus, aaesiuudit, associated with 
root cartes 


ao 
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Propivtbactertum (propiatcuni, acnes) 
* Proteobacteria: Campyviobacter rectus 
* Bacteroidetes: 


Black Pigmented Bacteroids (RPR) increase 
In acule mlechon, symplomalic cases and 
flare ups. 


Recent classification of BP B: 
D) Asaccharolytic Bacteroides: 


Porphyromonas {Eidodontatis, Gingivalts, 


IT) Saccharolytic Bacteroides: 


Prevotella fritermed ic, 


Nigre sceis,| 


b) Secondary infection: Micro-organisms 
are introduced in root canals during 
ana 


‘Mefautiogenica, 


lrewimienl, selween appoiniments 
after root canal ooturation. it consists of 
mixed infection as Iry infection. 


c) Persistent infection: Itconsists of resistent 
miero-organisms to ivrigation and 
medication. They can endure nutrition 
deprivation, so they cause persistent or 
recurrent infection Icading tp endodontic 
failure. It consists of micro-organisms 
a& primary or secondary infection 
but fewer species, with increase in 
G-ve facultative anerobic especially 
Enterococcus Faecalis (77%) and fungi 
‘Candida Albicans). 


2. Extraradicular infection: 
Infection in periradicular area may be caused by: 


—Inlrardicular infection laal extends io 
periapical area 2.2. acute apical abscess caused 
by necrotic pulp, which need endodontic 
treatment. it contains micro-organisms similar 
as their intraradicular source, but with increase 
in Gram -ve anerobic bactereia of bacteroids as 
Prevotella tdenticoila, intermedia, aigresecas) 


and Porphyromonas (enaodonalts, gingivalfy) 

















Or 


— Apical acunumycosis wich need endodontic 
surgery For its elimination. 


VY. Bacterial identification techniques: 
Micro-orgamismus identification can be done 
with culturing technique or with the more 
recent Moleculer methods. 


"E Culturing is now not done routinely. 

When to culture? 

|. Persistent or progressivesiznsandsymptoms. 
2. Medically-compromised patients. 


3. Sterility check test as teaching or research 
device. 


Technique: 
= Tooth is isolated by rubber dam. 


® ‘Tooth is disinfected to avoid contar mation 
of oral Fora. 


e Aller access preparalion, samples are taken 
by sterile paper points and placed in transport 
media that support arowth of both aerohic 
and ancrobic micro-organisms. 


© Media used may be enriched blood asar or 
broth media (Auid thioglycollate or chopped 
meat broth) for facultative and fastidious 
aneron micro-organisms. 


"= If no growth oecurs this indicates sterile 
feld. 


" Disadvantages of culturing: long laboratory 
procedures, not all micro-organisms could 
be cultured and contamination of samples 
could oveur, 





**Miolecular methods : 


Molecular techniques as Polymerase Crain 
Reacuon (PCR) nave been used lo deteet bacleria 
m endodontic Infections. 


PCRtechniquehasallowed detection of microbes 
by amplification of their DNA. 


But conventional PCR detects only the presence 
or absence of micro organisms, not their 
quantity. [t also cannot distinguish between dead 
bacteria and viable one. This was overcome by 
Real-time PCR which defects mRNA of viable 


bacleria only. 


VI. Methods of control and eradication 
of root canal infection: 


* Tt has been well established that bacteria play 
a definite role in the development of pulpitis 
and subsequent peri-radicular periodontitis 


* Consequently, a major goal of endodontic 
therapy is the climination of bacteria and of 
tissue substrate that supports bacterial growth 
fron. the roof canal system. This is by: 


L. Isolation and barrier techniques: gloves, 
glasses, masks, shields, hand washing, 
rubber dam 


so 


Sanitation of the ficld, and instrument 
sterilization 


3, Endodontic procedures ta remove bacteria 
and their byproducts (proper chemo- 
mechanical preparation, irrigation with 


25 = 5% sodium hypochlorite or 2% 
chlurohesidine, inbebween-visils Imira- 


canal medicaments as calcium hydroxide, 
ultrasonics cleaning) 


4. Endodontie procedures to prevent recu- 
tamination (3mm thick, temporary resto- 
ration e.g. Cavit or IRM, 3Dimensional 
obturation, permanent restoration within 
30 days) 


5. Sometimes, systemic antibiotics 


needed. 
Pulp and periradicular immunology 


are 


Immune response 15 the host's response fo the 
Introduction of a forcign agent. Immune system 


Pa ai 
f 


‘he 
i O 


recognizes foreign substance and tries to render 
them harmless. The immune response starts 
non-specifically by inflammation, then by time, 
becomes a more specific immune mechanism. 
This is usually represented in the form of 
cnemics and defenders. 


l. Enemies (antigens) 
2. Defendan (inflammatory cells and mediators) 


In endodonfics, the main forcign substances 
involved in initiating pulp and periapical tissues’ 
response are the bacteria and their products in 
addition fo other micro-organisms with minor 
roles. 


Antigen 


If is a foreign substance which is capable of 


slimulaling an HEIMUNE TespUunse. 
Epitope or Antigenic Determinants: 


Ti is a small area un the surface ul antigen 
molecules which determine its antigenicity and 


can stimulate production or hind to antibodies. 
Typcs of antigens: 


a) Complete antigen: is usually profein of 
large molecular size that 13 capable of 
stimulaing an immune response alone. e.g. 
micro-organisms, endotoxins. 


b Incomplcte antigen (hapten): is usually 
carhohydrate of low molecular weight that 
is incapable of stimulauny an uumune 
response except after combination with a 
carrier protem (albumin). 


The immune response starts non-speciheally hy 
Inflammation, then, by Gine, becomes a more 
specific immune mechanism. Each type of 
Immune response has its predominant cclls and 


mcdiators. 
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Inflammaiory cells 


The main cells involved in the host immune 
arc the whitc blood cells (leukocytes) which 
comprise: 


a) Polymorpho nuclear leucocytes (PNLs): 


The primary body defense cells. They are 
phagocytic cells that appear at acute infection. 


After invasion of the tissues by micro: organisms, 
the PNLs leave the circulation (pavementation — 
adherence - diapedesis) and move towards (he 
vicinity of the invading micro-organisms. This 
directional movement of the phagocytic cells is 
called chemotaxis (Fig. 1). 


They are short lived cells, die in great numbers 
al acule Inflammatory siles. 


The accumulation and massive death of neutro- 
phils causes tissue breakdown (pus formation), 


b) Macrophages: 


They are found in the reticulo-endothelial 
system as liver, spleen, skin, lymph nodes, 
bone marrow, 


They reside in tissues as tissue histocytes 
and in blood as blood monocytes. On their 
activation they form macrophages. 


They are mononuclear phagocytic cells 
that appear in chronic infection. They are 
considered the main link between the non- 
specific and specific inmune respurses. 


Macrophages are activated by micro- 
organisms and their products (endotoxins), 
complement or cytokines, 


Their main functions are: 
l- Phagocytosis (Fig. 2). 
2- Antigen-presenting cells 


3 Secretion of various molecular mediators 
as the cytokines, TNF, IFN, growth 
factors and prostaglandins . 


č) Lymphocytes: 


Among the major classes of lymphocytes 
are: 


1) ‘T-lymphocytes which originate from 
thymus. They account for 80% uf 
circulating lymphocytes in blood. They 
are subdivided to: T helper (T), T 
cytotoxic (1), E suppressor (PF) and T 
regulaory (T). 


roe 

ii) B-lymphocytes which originate from 
fetal liver or mamow (from bursa uf 
fabricius in birds). They account for 20 
% of circulauny lymphocytes m blood. 
They differentiate fo plasma cells that 
eynthesize immunoglobulins. 


iii) Natural killer (NK) cells which have 
non specific cytotoxic activity on tumour 
cells, virus infected cells and graft cells. 


Inflammatory mediators 


There are chemical mediators (hal exist mainly 
I non-specific immune response (c.g. hista- 
mine, kinins, arachidume acid derivatives [PGs 
and 1-18|) and complement system) and others 
that exist mainly in specific immune response 
(e.g. Immunoglobulins and cytokines). 


1. Histamine 


e It is the most Important vasoactive amine 
that causes vasodilatation. 


"= [tus the (rst mediator tu act, but becomes 
rapidely inactivated [has a fransient 
action). 


e It is released from mast cell degranula- 
fon. When mast cells attach fo endothe- 
lium, it releases histamine that causes 
vasodilatation, contraction of endotheliel 
cells and increases intracelluler gaps for 
substances to pass. 


» [t increases in periapical lesion and 
inflammed pulp. 


e Agents that release histamine are mechani- 
cal trauma, UY radiation, bacterial toxin, 
components of complement, proteolytic 


enzymes from cells, peptides from PNLs, 
allerueris, 


2. Kinins 


3, Prostaglandins (PG 


It is a cascade starting from activation 
of Hagman factor XII (a component of 
blood clotting system) 


It rclcascs bradykinin 


lt is important in the delayed phase of 
vascular permeability, vasodilataion and 
pain 


and leukoterines (LT) 





They arc produccd from long chain 
Patty acids in all Gssues, derived [rum 
arachedonic acid, synthesized within 
seconds in response to stimulus. 


Most cells produce them but in 
inflammation, they mainly come from 
PNLs and macrophages 


Their main functions are: 


l. ‘They are responsible for de- 
layed, prolonged phase of vascular 
permeahility 


2, PO play a role in inflammation and 
pain in inflamed pulp 


Lhd 


PG cause bone resorption 


4 ‘There i a correlation between 
increased LTB4 and PNLs and 
symptomatic acute periapical lesion. 


4, Complement 


They are inactive complement proteins 
in circulation (Fig. 3). 


Complement activation is either by: 


a) Classical pathway initiated by 
antigen — antibody complex which 
activates Cl then C4 followed by C2 
then C3 fornuny C3b 


b) Alternative pathway initiated 
by bacterial products (foxims) or 
acarecated immunoglobulins which 
activate (03 leading fa binding of 
C3b to cell surface (Fig. 3). 


5, Immunoglobulins (antibodics) 


Complement Cascade: C3b activates 
C5 to Cb which binds to C6,C7,C8& and 
CS to form the “membrane attack unit” 
CSb6789 which causes cell lysis cell 
lysis (Fig. 3). 


Complement action: 


i) Inflammation: Coa and CSa induce 
local vascular permeability and 
attract phagocytes. 


li) Lysis of foreign cells: the membrane 
attack complex (C5b6789) creates 
pores in cell membranes disrupting 
their integrity 


iii} Opsonization: C4b binds to bacterial 
cells and serves as an Opsonin. Opso- 
nization signals phagocytes to engulf 
materials including bacterial cells. 





They are glycoprotein molecules 
produced by plasma cells. They act as a 
critical part of the immune response by 
specifically recognizmg and bmding ‘o 
particular antigens, such as bacteria or 
viruses and aiding in their destruction 
(for more de<ails, see next section). 


6. Cytokines (lymphokines) 


[-. Non-specific immunity (inflammation): 


They are a broad and loose category of 
small proteins (~5-20 kDa) that are impor- 
tant in cell signaling. They are released by 
cells and affect the behavior of other cells 
(for more details, see nex‘ section). 


Cascade of events in immune response 





After invasion of the tissues by micro- 
organisms, the acute inflammatory 
cells, the PNILs, leave the circulation 
(pavementation - adherence - diape- 
desis) and move towards the vicinity of 
the invading micro-urgamisios. This di- 
rectional movement of the phagocytic 
cells is called chemotaxis (Figure L). 
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inflammation 


Diapedesis 


(d) The attraction of phagocytes causes them to move to the site of damage 


and inilammeaten. Collections of dead phagocytes and tissue debris 
make up the pus often found at sites of an active inflammatory response. 





Fig. 1. Cascade of events in nonspecific immune reaction (inflammatory reaction) 


¢ Phagocytosis: intracellular degradation (Fig. 2). 
At the site of infection, the micro- » Intracellular degradation (intracellular 
organism is engulfed in phagosome killing, zapping) has (wo mechanisms: 
side the phayocyiic cells (PNLs). 
The phagosome binds to lysosomes 1.02 dependent: (respiratory burst) 
forming phago-lysosomes where where it produces oxygen free 
micro-organism 18 killed or digested by radicals to kill micro-organisms. 


é 
104 TECHNICAL & C_INICAL ENGOGON?ICS 


CHAPTER ( 8E 


Cuprrghl E ie hiran- Hil Goripanisy, Ing Fe rekia rcer | e a aater a ca apay. 


Phagocytosis 


<7 Geb receptors 
on phagocyte 


bhu Hig cola cs ar et 
made by C3 on ttre 
microbe wiih Cob 


o feceptorson pragooyts 


akaches lo CSD 
(BOBO. 1 


phagocyte 
[eh Organém lg 

equ! ec ig 

BL Mae pocorn 





r fg} Coments of 
pia potysosc na 
elrinaled by 


Amv ete. 
tt Degen Kien: 3rd 
bra kiram of 


Fig.2. Steps of phagocytosis (intracellular killing) 


2 O2 independent: where degranu- 


lation of lysuzomes with release of 


their contents (lysozomal enzymes) 
will digest micro-organisms, 


It organism virolence 18 high or host 
resistance is weak, the infection 


becomes chronic with stimulation of 


chronic inflammatory cells mainly 
the macrophages. They have similar 
function in phagocytosis Lut they 
also act as antigen presenting cells 
for stimulation of the specific immune 
system mainly the lymphocytes. 


The complement sv stem has an integral 
role in fhe cascade of the non-specific 
immune response (inflammatory 
response) (hrough different mechanises 
(Sce previously (Fig. 3} 
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II- Specific immune response 


E 


Activation of cells of specific immune 
response (T- and B- cells) requires 
antigen-presenting cells | antigen + 
lymphoid system interaction af infection 
site or at lymphoid tissue (lymph node 
draining site of mfection). 


- Antigen-presenting cclls (APOC) phago- 


cytose antigen and process antigen by 
its partial degradation exposing its epi- 
tope. The epitope is re-excreted on APC 
surface with one of major histocompat- 
ibility complex (MHC) that stimulates 
differentiation of certain lymphocytes 
either B- or T- cells or one of their 
subgroups. 
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Fig. 3. Cascade of events of the complement svstem activation. 


If MHC class I is presented on APC), tt 
stimulates T-helper cells activation. If MHC 
class | is presented on APC, tf stimulates 


T-cytotoxic cells activation. 


es of specific immune response: 


1, Cell mediated: T Cells differentiate to 








F helper (0), To oeytatoxte CEJ, T 
suppressor (T) and T regulatory EN 
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Frere rye pioen poles! hsl cell su Tarash 


Dponlzat ion 
Gao binds lo microbial calls, 


which eales pores ntel membranes, iunciioning as an Apson n. 
deupi rg the iniegrily af ihe cell. 


that produce lymphokines. 


a) T helper (T) enhances immune response. 
TH cells are ‘he maes‘ro of the immune 


system. 


It scerctes factors which help cther cells 


tu perform their funetion: 


l. Factors which stimulate B cells. 


[T , activation) 


IELHNILAL S LLINILALENCODON|] L5 


2. Factors which stimulate macro- 
phages. (Thl activation) 


3. Factors which stimulate Te. 
4. Release lymphokines (e y(okine), 


5. Stmulate Clone af Memory T cells. 


b) T suppressor (Ts) suppresses immune 
response 


c) T cytotoxic (Tc) has cytotoxic effect 
on infected host cells and produces 
lymphokines. 

dj T depressor (Treg) produces lymphokines 
which affect macrophages, antigen and 
alter inflammatory reaction. 


Exam ples of produced lymphokines: 


i, Lymphotoxin: has direct lethal effect on 
bacterial cells. 


i. Macrophage activating factor: 
activates macrophage. 
n, Migration inhihiting factor: holds 


macrophage in area of response. 


iv. Osteoclast activating factor: causes 
bone resorption in periapical lesions. 


v Eosinophil chemotactic factor of 


anaphylaxis: call eosinophils to area of 
inflammation. 





B- Cells differentiate fo plasma cells that 
synthesize immunoglobulins. 


Humoral response requires B-cells + APC- 
Ag complex + Vhelper fo differentiate into 
plasma cells producing Immunoglobulins 
(Antibodies) 


Immunoglobulins produced are of five tvpes 
lg G, M, A, D,E (Fig. 4}. 


a) [eM is a pentamer. It is the first Ig made 
by fetus and B cells. It appears in primary 
uamue response. I has a short life. It is 
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present m colostrum and mother milk to 
protect newly born. It Axes complement, 
cause agglutination and is cytolytic. 


b) Lots is a major serum [g 759. [iis 4 IMUNUMET. 
It appears in secondary mmune response. 
[t is the only placental transfer Ig It Axes 
complement, causes opsonization fo enhance 
phagocytosis, an anfifoxin and is invalved m 
antibody dependent cellular cytotoxicity. 


c) [gA is found in serum (monomeric) and body 
secretions (dimenc): Tears saliva, gastric and 
pulmonary secretions Jf is a major secretory 
lz on mucous surfaces to give local immunity 
by coating bactcria or viruses preventing 
thew adhcrence fo mucosal cells. Jt does not 
fix complement (unless ageregated). 


d) fe Dis present in very small amounts mm seru 
(monomer). It is found on B cell surface. 
It may tunction as an antigen receptor. 


é) IgE is the least common serum 
[2 (monomer). It binds to basophils and mast 
celle (complexed with Ag binding) causing 
allergic and hypersensitivity reactions 
(type D 
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Immunoglobulins functions: 


1. Specifically bind and agglutinate or precipi- 
late antigen, and/or allow ils phagocytosis 
2 With complement, it can enhance inflamma- 


tion fo destroy antigen 


3. Ig M and G circulating constitute 80-85% 


af serum Lg 


4. Ig A maintains stable relation between host 
and normal flora and has a protective function. 


But if canals are left open, this increases sig 
Which activate rests of mallassez in periapical 
tissues by epithelium growth factor present in 
saliva, that might cause periapical cyst 


The cascade of main events in the specific im- 
mune response is shown in Figure 5. 
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Role of immune system in inflam- 
WIALOFY process 

L. Protective nechantsin. 

2, Augment and enhance inflammadion, 


Self-destructive (allergy andhypersensitivity) 
(Fig. ú). 


Link 


[i mun e 
reactant 


Soluble (Celer matx- soubie ||| Soluble 
antigen antigen 


assoolaied 


antigen antigan 


3 | FeR* calls 
Effector Masi-cell {phagocytes, 


mechanism activation NK calls} 


Example of Allargio minilis, | Some drug 
hypersensitivity | asthma systemie allergias 
reactgion anaphylaxis | {a.g., peniten) | 


sickness. dermatitis, 
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In dental practicc, 2 types of hypersensitivity 
are important: 


a. Immediate: If occurs within seconds or min- 
utes. It is caused by interaction with specific 
IgE (humoral immunity) e.z. anaphylaxis 


b. Delayed: It takes days to occur. It is caused 
by cell-mediated immunity via previous sen- 
sinzation by antigen c.g. contact dermatitis. 


| ue Pec 
antigen 
antigen 


Macrophage ||| Eosinophil ar 
activation activation Cytotoxicity 


Shamokings, cylotoxins, 
pylokines, cylotoxins| infamalory medators| 


Chit onic 
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š chronic 
År lls duberculin $ 
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Contaci 
Contact 
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Fig. 6 Types of hypersensitivity reaction 
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CHAPTER REVIEW QUESTIONS 


l. Describe portals of entry of micro-organisme to the pulp and periradicular tiseucs. 
2. Describe theroleof micro-orpanisirs in pulpal and periradicular disease. 


3. Describe types of the predominant bacteria in pulpal and pertradicular ‘nections and their virulence 
AClOre 


4, Discuss the methods vor infection control and eradication of the pulpal and periradicular infections 


5. List microbial identification techniques, and describe the indications and methods for microbial 
sampling of endodontic inoectians. 


6. Describe the non-specific and specific immune reactions of the pulp and periradicular tissues against 
bacteria. 


T List non-specifiz indammatory mediators and discuss the role of cach. 


8. Describe the role of immune system in inflammatory process. 





* Inele T., Bakland 0K, Banmaartner IC. Ingle's Endodontics 4. AP ed. BC Decker Inc. 2003. 
* Hargreaves KH, Collen S. Colen’s Pallayays af the pulp. (08d. Mosby El Sevier, 2011. 


©  Torabine jad M, Eby WC, Naidu f LI. Indlammmatory and immunological aspects o? the patliovenes:s of 
human per: apical lesions. J Endod. 1985 Nov:11(11):479-88 


a Narayanan LL, Vaighnayi C. Endodontic microbiology. JCD. 2010; 135{4):233-239. 


a Fouad AF. Endodontic Microblolopy and Pathobiology: Current State of Knowledpe. Dent Clin North 
Am. 20] 7 Janj61€1):1-175, 
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A-The Dentist Skill 
PCoantinuiag education. 
li-Fac lites and equiaments 


B-The Difficully of the Case 


I- Systemic Condition Of The Patient 
Carri ar. diseases 


Blood disorders 


Diabete mellitus 





After reading this chapter, 
| the student should be able to 





Hepatit ¢ 
nfroving pa Kidney Diseases 
Radiation therapy 
Pregnancy 
Fnileasy 
Tube *culosis and sther leng intections 
Faint ne spe ls (Syncope) 
Adrenal cortex diseases 
Thyro d condition and Goiter 
i ) —— Menstruation 
Postgraduate students Manopanse : 


should be able to Allergy 
Drugs ard medications 





li. The Dental Condition of The Patient 
Perigdortal consideration 
Sargica consideration 


Restorative and prosthetic consirkeration 


iii- Patient Care And Eagerness 
Motivation 
Economics 
Ape 
Number of involved teeth 


Occupation 
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CASE SELECTION 


he dectsion about whether the patient 
should be treated or referred to a 
specialist depends on different factors 


a- The dentist skill 


b- The difficulty of the case: this may include 
any of these 


i. Systemic condition of the patient 
11, The dental condition of the patient 

* Periodontal consideration 

* Surgical consideration 

* Restorative and prosthetic consideration 
iii. Patient care and eagerness 


All theses factors may classify endodontic 
cases into 


1. Cases to be treated by dental practioner. 


2. Cases to be referred to experienced 
dentist. 


3, Cases to be referred to endodontist, 


4. Cases should be extracted. 


A-THE DENTIST SKILL 


i- Continuing education: Any dentist 
should improve his skill by joining the 
programs of continuing education given by 
the dental schools. 


Facilities and equipments: The 
avallahle armamentartum determines the 


mal + 
none 
E 


complexity of the cases that a dentist can 
successfully manage m the office. Available 
arinamentariuin, therefore, will be a definite 
[actor in case selectiun. 


B- THE DIFFICULTY OF THE CASE 
i- Systemic Condition of The Patient 


Thereare almost no medical contraindications 
ta endodontic therapy, However, several patient 
[actors must be considered before endodontie 
treatment ts initiated. The first precaution is tu 
get an accurate and detailed medical and dental 
history that mcludes the name and telephone 
number of the patient’s physician” Consultation 
with the physician is a prime requirement if 
any systemic conditions’. Ideally, if would he 
more helpful to the patient if medical problems 
were brought under control before endodontic 
treatment was started. 


Cardiac diseases 


In all patients complaining from a history 
of congenital heart disease, rheumatic fever, 
heart murmur, or previous valvular operative 
procedure, thereis a susceplbility to bacteremua 
during dental procedures, Prophylactic antibiotic 
procedures to prevent subacute bacterial 
endocarditis should then be prescribed. In 
addition care must be exercised with patients 
Using pacemakers, cquipment that amits 
electromagnetic and electrostatic interference 
leg, pulp testers, sonic devices, electrosurgical 
equipment ultrasonic units) may affect energy 
supply of the pacemaker and thereby initiate 
cardiac arrhythmia. 


Cardiovascular disorder 


In some cases, when the cardiovascular 
disorders have virtually disabled the patients, 
endodontie therapy ur suruery may be 
completely contraindicated and only palliative 
treatment is possible. Other cases the patient 
will be on anticoagulant drugs or vasodilators. 
Ilypertensive patients should check the physician 
for their tolerance for add:tional stress as the 
amount af vasconstrictar in local anacsthctics 
may also aftect severely hypertensive patients. 
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Blood disorder 


Haemophilia: Extrachon is very hazardous 
for the haemupluilic patient. The preferred 
treatment is endodontic therapy. Infernal bleeding 
should he considered in case of hasmophilic 
patient during administration of local anaesthetic 
ard ingiry to the gingiva during application of 
the rubberdam. 


Others: Leukaemia, aplastic anaemia, 
thrombacytopoentia, platelet disorders, polycy- 
thaemia vera, and scurvy are all blood disorders 
that demand special attention and approval from 
the physician” Be sure to have the physician's 
consent (in writin 2) before prescription of drugs, 
especially analgesics and antibiotics. 


Diabete mellitus 


Before any treatment is instituted, make 
certain that the condition ts controlled by 
elther diet or medication, Arrange the patient's 
appointment time so it comes after a meal or 
when medication has just been taken. Blood 
sugar level will then be more stable. This 
precaution will prevent complications such 
as diabetic coma or insulm shock. Because 
epinephrine can sfimulafe the breakdown of 
glycogen To glucose, the use of local anacsathetic 
with a different vasoconstrictor (c.g. carbocaine 
with Neocobefrin) is advisable, Analgesics that 
do not contain aspirin are preferred because 
aspirin decreases the bload sugar level. 


Hepatitis 


Patients with a previous history of hepatitis 
may have viruses that remain viable in the blood 
stream for a considerable time after the clini 
cal symptoms have vanished. To prevent cross 
contamination, discard used instruments when- 
ever possible. If not possible, exercise extreme 
caution in the sterilization procedures. Be extra 
careful when using medications that are normal- 
ly detuaited in the liver. Avenis that can be used 
with medical clearance include aspirin, phenac- 
etin, acetaminophen (Tylenol), mefenamic acid 
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(ponstel), barbiturates, chlordiazepoxide {L1- 
brumi, diazeprm (Valium), tetracycline, penicil- 
lin, cephalosporin, and ampicillin. 


Kidney Diseases 


These patients may have difficulty with the 
breakdown and excretion of some drugs, conse- 
quently, analgesic drug combinations cantain- 
ing aspirin, mefenamic acid, phenacetin, and 
possibly acetaminophen have been implicated 
in kidney disease and ought to be avoided. The 
use of narcotics and vasoconstrictors should be 
avoided as well. Since erythromycin is metabo- 
lized in the liver, 1 is preferable to uthers that 
are metabotized in the kidney (e.g. penicillin, 
tetracycline). 


Radiation therapy 


In patients who have undergone radiotherapy, 
endodontic treatment is preferred to extraction. 
The patent musi be protected by anubiwdcs 
during the course of (reatiment., 


Pregnancy 


It is unfortunate that the need for endodontic 
therapy cannot be scheduled easily info the 
second frimester, when most physicians would 
preter. The minimal use of medication coupled 
with lead shiclds wall protect the foetus from 
radiation, 


Epilepsy 


An epileptic patient should take his 
medication prior to the appointment and should 
be handled gently and reassuringly. Care must be 
exercised while using a local anaesthetic in these 
patients to prevent injection into a blood vessel, 


Tuberculosis and other lung infections 


General manifestations of chronic lung con- 
ditions are persistent cough, haemoptysis, chest 
pain, fatigabiliry weakness, loss of weight and 
anurexlia. The dentist should not render any 
(readment ofher than palliative care. untl the dis- 
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ease is brouvht under control. The blood i not 
sufficiently oxygenated and nutrition is impaired 
hence healing 13 retarded. Another reason for 
caution 1s that these discascs arc contagious. 


Fainting spells (Syncope) 


It is a symptom of an extremely nervous 
patient who would be helped by nitrous oxide 
During oxide 
administration, the patients will receive a high 


analgesia. WUT Gus UAVBEL 
concentration of oxygen which may prevent 


cerebral anoxia (fhe causc of fainting)’ 


Adrenal cortex diseases 


The adrenal cortex diseases are Addison's 
disease and Cushing's disease. In Addison's 
disease (low level of blood corticosteroids), the 
patents have poor ability tù cope with stressful 
situations, including mfection and surgery, no 
treatment should be performed until control 
has been established. Patients with Cushmg’'s 
disease (high level of, blood corticosteroids), 
or patients who are on prolonged corticosteroid 
therapy often have osteoporotic bone changes, 
hypertension and susceptibility to bruises, There 
is usually an impairment of tissue healing, 
adjustments should be made in the corticosteroid 
level] prior fo surgery. 


Thyroid and Goiler 


Patients with hypothyroidism have a dimin- 
ished resistance to infection and an inability fc 
withstand prolonged stress. Antibiotics should 
be used during treatment. Dental appuintiments 
should be as brief and atrawralie as possible as 
these patients are subject to adrenocortical insuf- 
ficiency. A local anacathchc without epimeph- 
erin (Clarhocaine, Cifanest) should be used, pre- 
medication with sedatives (non barbiturates) 15 


helpful, 


Menstruation 


Durmg menstruation, women can have 
tocthaches, which appears to be related to the 
capillary dilation that can occur. Postoperative 


hemorrhage occurs more frequently during 
menstruation than at other times. The later has 
been shown for pulpal cxarpations. It has also 
been observed that there is a high incidence of 
flare ups during menstruation. All of these results 
are apparently related tc hormonal changes. 


Menopause 


Women in the post-menopausal state can 
have osteoporotic jaw lesions and atypical 
facial neuralgia that can simulate pulpalgia. 
Furthermore, the periapical areas of rarefaction 
may not heal after endodontic therapy. This 
seems to be related to the depletion of oestrogen. 


As long as there are no clinical signs or 
symptoms, no further freatment should be 
attempted. If these areas enlarge visibly, and/ 
or the patient has clinicul muamilestatiuns, (hen 
periapical surgery should be attempted. 


Allergy 


The sensifive paficnt may he allergic fo a wide 
range of medications rather than fc just one or 
two. Consult the patient’s physician and use 
aniiustumnes during (realment tu make the 
patient as comfortable as possible. 


Drugs and medications 


Aspirin; (he most common ant nfammatory 
and analgesic agent. However, in the wrong 
circumstances it may cause systemic damage, 
For patients faking anticoagulants the use 
of aspirin may mcrease fhe effect of the 
anticcagulant by releasing it from its binding 
sites on plasmaproteins in diabetic patients 
taking insulin, aspirm can increases the insulin 
effect, and a mare pronounced hypoglycemia 
results. Patients with a history of ulcers should 
not be prescribed aspirin or aspirin compounds 


Corticosteriods: although corticosteroids are 
very effective in controlling certain chronic 
diseases, (hey have wide and Car reacng side 
effects. Patent who ts faking steroids for the 
control of certain conditions, such as asthma, 
polymyositis ete’ and who exhibit the signs and 
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symptoms of ural infectiun should be supported 
with antibiotic coverage during endodontic 
treatment, The visits should be made af more 
frequent intervals, if possible, fo shorten the 
duration of the antibiotic umbrella and reduce 
the risk of spreading infection 


ii. Lhe Dental Condition of The 
Patient 


Feritodontal consideration 


Extensive periodontal defects may complicate 
the prognosis of endodontic cases. Cases 
with combined endodontic and periodontal 
lesion may dictate the combined consultation 
between periodontist and endodontists. It is 
crucial for endodontists to be aware of the 
periodontal factors that may influence success 
of endodontically treated tooth such as bone 
loss and clinical attachment Joss. In such cases 
two vital factors should he considered, pulp 
vifalify and fhe extent of periodontal defect 
refer to chapter eadaperia). 


Surgical consideration 


Endodontic surgery is most offen decided in an 
attempt fo improve fhe apical seal and correct 
failure of nonsurgical therapy. In certain cases 
clinician must decide whether nonsurgical, 
surgical or a combined path should follow. 


" Root morphology 


Malfarmed teeth complex and calcihed 
canal systems, which may make the canal 
inaccessible, should be considered for apical 
surgery or intentional replantation. [ig 1 


Ropt resorption: several infernal or external 
resorption that resulta in extensive Inss of 
tooth substance may preclude conventional 
endodontic treatment and require a surgical 
path in addition. Fig 2&3 
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Fig. 1. Calcihed canals 


Fig. 2. Internal resorplion 





Sia. 3 External resorption 
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CASE SELECTION 


Periapical condition 


Presence of an intraoral or extra oral sinus tract 


Of a periapical lesion is not a contraindication 


to conventional endodontic treatment. 
However sume require periapical SUTHETY 


and curettage. 


Excessive crown or rooi damage 


The direction and location of fracture are 


extremely vital to enduduntic prognusis. 
Vertical fracture presents poor prognosis 
for most of the cases. Teeth with horizontal 
fracture on the other hand can be treated by 
hemuseclionmy 


Root perforation 


The size and site of a root perforation are very 


important for the prognosis of such cases. 


Conventiunal and  suryical enduduntic 
therapy may solve the problem. However 
some cases of perforation are irreparable and 
the best line of treatment could be extraction 


Fie 4. 


Obstructions 


Foreign particles, such as amalgam, cement 


or separated instrument that cannot be by 
passed or meurpormed as a part uf (he rout 
canal filling, often prevent successful non- 
surgical therapy. Thercfore apical surgery to 
seal the apex with amalgam should be con- 
sidered to improve the long term prognosis. 


Predictable failure 


Teeth with developmental defects which show 


predictable failure should be extracted. One 
of these defects is the lingual developrnental 
groove which extends along the whole length 
of the root surface. This defect may lead fo 
secondary pulpal volvement due to the 
presence of direct communication between 
the apex and the gingival sulcus, Fig 5 





Limited accessibility 


Sometimes the access needed for the dentist’s 


fingers and instruments to ensure success is 


limited, as in patients with TM] discascs 


Proximity fo vital sfructure 


Relationship, between the operative areas 


and adjacent vital structures, such as the 
mental foramen, mandibular canal, and 
mudxillary sinus, may obstruct sume surgical 


procedures. 





Fip.d. Root per orate 





Fig. 5. Linzual developmental groove 
a) before treatment b) afler treatment 
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Restorative consideration 
© Hypercatcification 


Calcification in the pulp chamber obscures the 
intemal anatomy that leads to the orihces. 
Continued enlargement of the access caw- 
ity jecpardize tooth structure. Calcincation 
of the root canals may cause the apex to 
be inaccessible by non-surgical treatment. 
However, chelating agenls may help negoti- 
ate these calcified areas if narrow canals are 
located. Fig l 


* Crown! root ralio 


Unfavorable crown/root ratio creates a poor 
prognosis. Teeth whose ratio exceeds 1:1 are 
most susceptible to eccentric occlusal forces, 


Morphologie consideration 


Endodontists shouldrely onrecenttechnology 
to diagnose accurately the morphology of the 
tocth to be treated this may increase the success 
rate through magnifying loupes, microscope 
and computerized tomographic machines which 
may show the presence of different morphologic 
variations as; 


= Congenital Anomaly 


I, Dense Invagmatts 


This variation in tooth morphology may be 
treated conventionally, In these cases where the 
entire root canal system is inaccessible, surgical 


procedure can be performed for apical seal. 
Fig 6 


2. fonradontism: 


An inherited trait characterized by large 
crowns. large pulp chambers, and short roots. 
Roots often furcated more apically. Fig 7 
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* Complex morphology 


The most common variation of normal 
that cause difficulty for the clinicians are the 
C-shaped canals, the trifurcated maxillary 
premolars, (he furcaled mandibular premolars, 
three rooted mandibular molars and molars with 
four canals” 


I. Extra conals: 


Tooth whcse morphology includes multiple 
Extra canals that cannot be located, negctiated, 
or obturated has a poor prognosis. Apical 
surcery, Intentional replantation, or extraction 
may be the alternative treatment, 





Fig. 7. Taurodontism 
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CASE SELECTION 


2.C-sha ped canals: 


‘These canals are seen rost aften in mandibu- 
lar sccond molars. This condition causcs com- 
plex root canal morphology both longitudinally 
and transversely. The clinician should precurve 
the file carefully so the extreme curvature can be 
negotiated. Failure to do so will result in ledges, 
inadequate preparation and incomplete filling. 
Fig 8 


3. Trifurcated maxillary premolars : 


Some maxillary premolars have three 
roofs, two buccal and one palatal. Usually 
the mestohuceal canal is most difficult to tile 
and fill and is often overlooked. Such tooth 
may be a contraindication to treatment by the 


inexperienced clinician, Fig 9% 


4. F urcated mandibular premolars 


Furcated canals can be identified by several 
X-ray exposures at different horizontal angles. 
The level of the furcation determines the degree 
of difficulty to be anticipated. Canals that 
furcate in the middle and apical thirds present 
considerable difficullies during treaunent. Fiz 10 


3. Three rooted mandibular moiar 


The main problem facing fhe eclimcian 15 
locating the extra roct. [t is on the disto lingual, 
and its orifice may be more mesial than the disto- 
buccal orifice. 


ő. Four-canatled mamitary motors; 


Maxillary molars, especially first molars, 
have two mesio-buccal canals almost 50% of 
(he (ume. The exta canal is called mesio-lingual 
canal. It is also possible that these molars have 
four roots instead of three. 


7. Lype of the root canat 


Anatomy of the root canal system should be 
considered before therapy is inthiafed. Ditterent 
techniques are cmployed for the wide variations 
in anatomy of the root canal system. 


E r 





wi i 


Fig 16. Bilucated mandibular pi Suwa s 


&, Severely curved canals: 


Some rootcanals are severely curved fo such 
an extent that conventional endodontic treatment 
may virtually be impossible. Fig 11 
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Fip. l.s shaped canals 


9. Bifurcated roof canals: 


These cases usually have accessible main 
canal and an maceessible lateral canal. This 
combination creates difficulty in mechanical 
preparation. 
be scen in mandibular premolars. When the 
furcation occurs in the middle or apical thirds 
af the canals nonsurgical therapy may be 
impossible. 


These conditons most commonly 


ft. Immature apex 


These cases require certain techniques. If 
the pulp was vital pulp capping or pulpotamy, 
with dhe expectauion of muaimtaming pulp vitality 
until the apex would develop, certainly be the 
treatment of choice. If the pulp was non-vifal, 
elther apexifiication, or regeneration may be 
employed for treatment. 


lii- Patient Care and Eagerness 


Motivation 


Patent should be aware of the importance of 
maintaining his teeth. Therefore education is im- 
portant so that patient can realize the importance 
of maintaining their natural teeth functioning. 


Economics 


The patient should be informed that althouzh 
the cost for root canal treatment may be high but 
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the cost for extraction and prosthetic appliance 
is much higher . 


Age 
lindodontic treatment can be successhully 
performed in all ages. However young paticnt 


may present opcnapices and immature roots, ald 
pafients may presents calcifications, 


Number of involved teeth 


Endodontic treatment is not limited by any 
number of teeth and the patient may keep all the 
arch even after endodontic treatment. 


Occupation 


Some patients exert every effort to maintain 
theirteeth as extraction may affect their phonatics 
and im retumi (heir vecupalion as singers, 


lawyers ... elt 


All of the previously mentioned cases can 
be successfully endodontically treated by 
different modalities. Unfortunately few cases 
are contraudicated for endodontic treatment 
therefore extraction is the line of treatment 
Tor these cases: 


i. Inadequate pertodontal support 


Careful assessment of the attachment 
Apparatus is essential pror to considering 
endodontic treatment, There are pernodunial 
conditions (hat preclude endodontic Wrealment. 
On (he other hand, Ww pertuduntal conditiun 
is adversely influenced by pulpal conditions, 
endodontic therapy should be performed to 
improve the periodontal prognosis. 


2. Condition of the remaining dentitions : 


Endodontic treatment for a few teeth when 
the remaining dentition is healthy and intact is 
strongly recommended. If the patient is poorly 
motivated with poor oral hygiene and several 
missing teeth, then extraction and a removable 
prosthesis would be warranted, 
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CASE SELECTION 


3. Vertical fractures : 


Vertical crown/rcot fracture cascs are 
generally hopeless. However, fractures in the 
bucco-lingual plane bisectiny (he touth through 
the furca may he corrected by retaining half 
of the tooth in place, or both halves may be 
preserved by means of bicuspidization. 


4. Non resforable feeilh : 


The purpose of endodontie therapy 1s to 
provide a biologically acceptable sub-structure 


that will support the coronal portion of the 
tooth. If the coronal portion of the tooth is badly 
mutilated, or caries has extended to affect the 
furca or root surfaces below the bony crest[ tooth 
extraction will be inevitable 


5, Non strategic teeth : 


Those feeth which have no present function 
or possible future prosthetic value should be 
extracted if signs of mHammation or infection 
develop. 





CHAPTER REVIEW QUESTION S 





l. The skill and caucational level of the dentist i3 a major faclor affecting the success rale of his cases. 
Analyzz this statement. 


2. Two adjacent teeth may nged different treatment strategy. Verify this statement 


Lal 


Patient may be the main kev during establishing the Ireatment plan {infer} 
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Pulp aad periacical diseases 
“MEMWEPEY CASES 

=| ares Tee 

mmature teeth 

4¢c-treatme rat cases 
Pre-medication 
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Aiter reading this chapter, 





the student should be able to 
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he (redument plan signifies (he planning 
of the management of the patient's dental 
problem. 


To determine the correct treatment and avoid 
misdiagnosis, if is essential to follow a systemic 
approach: 


1. Determime the patient's chief complaint. 
2. Take an accurate medical and dental history. 


3, Perform a thorcugh cxamination, including 
all necessary tests. 


4. Carefully evaluateall necessary radiographs. 


5. Analyze the results to reach a proper 
diagnosis. 


G6. Evaluate the difficulty of the case and the 
ability of the clinician. 


7. Establish an appropriate treatment plan. 


Pulpal and periapical diseases 





Ontrealed pulpal diseases cause spread of 
infection from pulp to periapical tissucs leading 
(o periapical infection. 


Pulp related diseases could be either classified 
into: 


a) According to site of inflammation 


[- Pulpal diseases: 


l- Vital diseased pulp 
e Acute pulpitis « Chronic pulpitis 


2- Non-vital necrotic pulp 


H- Periapical discascs: 
l- Acute apical periodontilis with 
«vital diseased pulp or 
* necrotic pulp 
2. Acute apical abscess with necrotic pulp. 


3- Chronic apical lesion with necrotic pulp. 


OR 
b) According to histol 


ical condition 





I- Vital Cases: 
l- Acule irreversible pulpilis with or 
without apical periodontitis, 


2- Chronic irreversible pulpitis with or 
without apical periodontitis. 


[l-Non-Vital Cases: 
l- Pulp necrosis 
2- Pulp necrosis with acute apical abscess 
3. Pulp necrosis with chronic apical lesion. 


to clinical condition 


c) Accordin 





L. Symptomatic. 


2. Asymptomatic. 


Treatment plan could be determined 
according to different cases: 


O Emergency Cases 

These are cases with pain and or swelling that 
need an unscheduled appointment for quick 
treatment., 


* Acute pulpitis 

« Acute pulpits with apical periodontitis 
© Acule apical abscess 

« Pulp necrosis 


The first goal af endodontic therapy is to relief 
acute pain and establish drainage of infection 
ether hy opening the tooth or performing 
Incision and drainage procedure. 


Once the acule symploms have been relieved, 
the completion of root canal treatment can be set 
aside, while the climemn conducts a thorough 
cxamination of fhe patient and develops a 
customized treatment plan. 


Ol Acute Vital Cases: 
Pain in such cases is duc tn: 


Increased intrapulpal pressure leads tc acute 
pulpitis which will be followed by release of 
inflammatory mediators and extension of the 
patholuyic process mo periapical tissues leading 
to acute pulpitis with apical periodontitis. 


Treatment: 


- Pulpotomy: in case of acute pulpitis 
conhned fo coronal pulp. 


If time permits or there is spread of infection 
info R.C. 


- Pulpectomy: when the canals are entered all 
(issues have to be completely removed by 
instrumentation, The tooth should be closed 
with temporary filling in order to prevent 
bacterial contamination. 


This is an emergency treatment. 


- Incase of ins(rumentagion uf vital (outh wath 
a history of pain on percussion, tooth 1s suf- 
fering acule apical periodontitis: 


. l'he canals should be medicated with 
calcium hydroxide 


¢ Occlusal reduction is important fo 
prevent post-operative pain. 


© Analvesics (non-steroid an(i-mflamma- 
tory) should he prescribed 


Scheduling Consideration 


* If a vital case is to be freated in a 
sinule visit, adequate Gime must be 
scheduled, so that the clinician can 
finish comfortably the procedure. 


The patient that needs a nerve block 
anesthesia should be scheduled 13-20 min. 
before treatment. 


¢ [fa vital case is to be treated by multi- 
visit approach, the clinician should allow 
5-7 days between instrumentation and 
obturation in order to allow periapical 
tissue Pec Overy. 


" Acute Non-vital Cases: 


Pam or pain and swelling are the main 
symptoms of such cases. These cases present a 
microbiological challenge. A tooth that had an 
asymptomatic necrotic pulp for sometime may 
suddenly becomes acutely symptomatic. The 
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cause of this dramatic change 1s the imbalance in 
the host-microbial relationship which is due to: 


e Increase in the virulence of hactena 


a Changing environment of bacterial flora 
by simply openime the tooth. 


® Reduction of host defense mechanism. 


The therapcufic goals in such cases are to 
reduce the bacterial cuntent in the root canal 
system and promote decompression of the 
periapical tissucs. 


Treatment: 


- Instrumentation (cleaning) and copious 
irrigation of necrotic pulp. 


- In case of acute periapical abscess: 


* Instrumentation and irrigation should 


be accompanied by the establishment 
of dramave through the rout canal or 
Incision and dramage when a Huctuant 
swelling exists. 


* Calcium hydroxide should he used 
as inter visit dressing and the tooth is 
sealed. 


This is an emergency treatment. 


¢ Anfihiofics andf or analgesics should be 
prescribed. 


e Endodontie treatment should be completed 
as soon as possible to prevent bacterial 
penetration in the canal. Obturaton is dune 
when there 1s no pain, discharge or odor. 


Scheduling Consideration 


* To fill a nou-vilal case, 1t should be sehed- 
uled | week after instrumentation fo maxi- 
mize the antimicrobial effect of the inter- 
visit intra-canal medication. 


e Acute non-vital cases should be seen every 
24-48 hours to monitor patient progress and 
bring acute symptoms under control. 


Long delay between visits may lead to 
development of resistant microbial strains 
and should be avoided. 
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¢ Treating a non-yital pulp with apical 
periodontitis m a smele or multiple visit 
has been a matter of controversy: 


PH Some researchers postulated that the 
Inter-visit use of an anfinucrobial 
dressing 1s essential fo completely 
disinfect the root canal system. 


bhi Others found no differences in success 
and periapical healing between treating 
such cases in single or multiple visits, 
stating that, t is possible that total 
climination of bacteria may not be 
necessary for healing, but what matters: 


© Maximal reduction uf bacteria, 
* [ttective root canal filling. 

¢  Safishactory coronal restoration. 
* Flare-Ups: 


[t is an acute exacerbation of a periapical 
pathosis after the initiation or continuation of 
root canal treatment, that needs an unscheduled 
emergency treatment. 


Flare-ups occur due to variety of reasons: 
© Over-instrumentalion. 


* Pushing denGinal and pulpal debns mo 
the periapical area. 


* Incomplete removal of pulp tissue. 
* (Over-extension of ront canal filling. 


s Chemical irritation of periapical tissues 
from irrigants, intra-canal medication 
and sealers, 


« Hyper occlusion. 
« Miucrobiologic factors. 


=" Root fracture, 


Treatment: 


» Although many of the Flare up cases could 
be treated pharmacologically or by occlusion 


adjustment, resisting cases may require re- 
entry into the root canal or the establishment 
of drainage either through the root canal or 
via trephination especially with non vital 
CASE . 


* The prophylactic use of antibiotics before 
treatment of necrotic teeth to decrease 
incidence af Flare-ups has been a subject of 
controversy. 


O Immature Teeth 


* Immature permanent teeth with limited 
pulpal pathosis caused by caries or trauma 
should receive vital pulp therapy to preserve 
pulp vitality, in-order to allaw continuation 
of root formation. 


* [mnmature permanent teeth with necrotic 
pulp could be treated by apexificution to 
Initiate rool closure or issue reveneration tu 
allow complete rool formaton. 


O Re-treatment Cases: 


Re-treaiment i required when previous 
endudonue therapy is failing. Although success 
rate of re-treat(ment is high, it may be lower 
than that of initial endodontic therapy.Before 
re-treatment is done, important issues should be 


considered: 

- Cause of failure. 

- Presence of procedural error. 

- Accessibility for re-entry of root canal. 
According to (hs: 


© Re- treatment could be done by conventivnal 
therapy alone and or surgical (realment, 


© The use of the operatmy micruscupe and 
uldra-sumes facilitates (ie non-surgical re- 
treatment in many cases that were re-treated 


surgically before. 
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a Non-surgical retreatment i always 
preferable and should be attempted before 


resorting to surgery. 


e Surgery should be planned only when 
practitioner is certain that the failing 
case was initially treated properly and 
can't be improved. Also, in presence of 
calcifications prosthetic reasons, a large 
lesion or when a biopsy 18 necded. 


O Pre-medication: 


The need of pre-medicafion may affect fhe 
treatment plan: 


. Patenta with damaged or prosthetic heart 
Valves. 


Need prophylache antinioics | hour before 
Initiation of treatment. 
e¢ Pafhients with myocardial intarction: 


* Need prophylactic anfihiofics before 


treatment. 

* Elective endodontic treatment is 
postponed 6 months after attack. 

* Keep the appointments short and 
comfortable. 


* Pahlents with hypertension: 
* Need premedication. 
* Plan short appointments. 


* Use local anesthetic with minimum 
amount of vasoconstrictor. 


* Patients suffering leukemia: 


* Need prophylactic anfibictic for poor 
healing. 


* Avoid treatment during acute stares, 


® Patients ander corticosteroid or anticoagulant 
therapy: 


* Need to adjust their dosage before each 
appointment, 


= : 





Single Visit versus Multiple Visits: 


Studies have been made fo answer ? basic 
questions: 


l. Js single-visit endodontic therapy more or 
less painful postoperatively than multiple 
visits therapy? 


2. Is single-visit endodontic therapy more or 
less successful than multiple visits therapy? 


It has been found that there was no detectable 
difference m the cHechivencss af root canal 
treatment between single and multiple visits in 


terms at: 
* success rate, 
e« Postoperative pam and flare ups. 


* Short-and long term postoperative compli- 
cations. 


Advantages of single-visit endodontic therapy: 


e  Ifreduces the num herofpahentappomtments 
specially for those who suffer fear and 
anxicty, far those who need premedication 
and for those who don’t return fo complete 
the treatment. 


+ If eliminates the chance for inter- 
appointment microbial contamination and 
flare ups. 


« Tt eliminates the need of the clinician to re- 
familiarize the canal anafomy af the next 
Visit, 

* Tt allows for the immediate use of the canal 
space for retention of a post and construction 


of an aesthetic temporary crown when 
required, 


Disadvantages of a single visit: 


* Flare-ups cannot be easily treated by 
opening the tocth for draining. 
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. The long appointments may be tiring and >» Patients requiring sedation or operating 


uncomfortable for some patients that cannot ronm treatment. 


keep their mouth open for a long time. 


Single visit should be avoided in: 


» Asymptomatic non vital teeth with apical 


Single visit root canal therapy should be radiolucency and no sinus tract. 
considered in the following cases: 


* Vital cases without preoperative apical , 


© Blosi re-[realiment cases. 


Cases where hemorrhage or exudate can't 


periudontilis, he controlled. 


* Fracture anterior teeth where aesthetic is of So, what can be done and what should be 


Importance. 


* Medically-compromised patients who 


done. present two very different approaches to 
endodontic treatment planning: 


¢ The patents systemuc health, severity uf 


need repeated regimens of prophylactic svinpluims and level of anxiety. 


antibiotics 


* Pafients who are physically unable to return 


fora second visit. 


Ta 


The complexity of the root canal system and 
the probability of procedural difficulties. 


Clinician skills and time available. 


pre 





b= 


Discuss scheduling considerations of vilal cases. 


Discuss schzauling considerations of non-¥ital cascs. 


Mention differant cause: of flare-ups and diferent weatment modalities. 


Discuss multiple visit versus single visil regarding advantages and indications. 
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Pulp Space Morphology and Coronal Access Cavity Preparation 
Root Canal Instruments 
Cleaning and Shaping 


Obturation of the Root Canal System 


Endodontic Mishaps 
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Pulp Space Morpnology 
& Coronal Access Cavity 


Preparation 
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Anatomy of pulp space 
Coona. palp space 
Fulp chanbe- 


Fulo horns 





After reading this chapter, 


Kadicular pulp space 
the student should he able to 


hoot canal 
Ta Accessory canals 
ajur components Apical foramen 
Root canal classes 
Types of root canal configurations systems} 
Pulp space mniphology of anterior teeth 
Pulp space morphology of premolars 
Pulp space murphulugy uf miulars 
Coronal access cavity preparation 
Principles of coronal access cav ty preparaton 
l- Out.ine forn 
l- Convenience form 


Ill Remova. of rema n ng carious dentin and defective res 
torat os 


IV- Toile col thet rawil y 


Endudintic coronal access cavity preparation in maxillary and 
mandibular anterior teeth 


Errors during endodontic cavity preparation in maxillary and 
mandibular anteriors 


lemonstrating the location of each Enduduntic: curunal access cavity preparation in maxillary and 
i mandibular premolar teeth 


Errors during endodontic cavity preparation in maxillary and 
Wandibular premulars 


Endodontic coronal access cavity preparation in maxillary molar 
teeth 


Endodontic coronal access cavity preparation in mandibular mo- 
lar teeth 


Errurs during enduduntic cavity preparatiun int maxillary aml 
mandibular molars 
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PULP | SPACE MORPHOLOGY Bx CORONAL ACCESS CAVITY PRE PARATION 


successful endodontic treatment depends 

mainly on pruper diagnosis, thorough 

cleaning aud shaping and three- dimen- 
sional obturation. The gate to successful clean 
inv amd shaping is a pruperly designed access 
cavily which m (urn is very much dependable on 
the macroscopic anatomy of the tooth. 


Each tooth in the dental arch contains pulp tissue. 
The pulp is aconnective tissue that is encased within 
hard tooth structure, the dentin. The pruip spece is the 
central cavity within a tooth that is enurely enclosed 


y dentin except a a 
fers from one tooth to another and is subject to nu 
merous variations and anatomic complexities that had 





bzen demonstrated in the literature. The clever clini- 

clan must always approach the tooth to be treated as- 

suming all possih e deviations and developing a 3-D 

Image of its canal system. 

The pulp space is divided miu: Fig. (1): 

T) Coronal pulp space: Itis fhe space occupied 
by the pulp tissue within the crown. 

a- Pulp chamber: 


[tis the pulp ayer that hes within ne crown 
AEREE il peor up chambs 





size. on rhe other Tanda miay be reduced bya 
and dentin deposition. 


b- Prip horns: 


These are accentuations in the roof of the 
pulp chamber that lie directly below cusps and 
developmental lubes, 

2) Radicuiar pulp space: Itis the space occu- 
pied by the pulp tissuc within the root. 
d- Root canat: 

lt is the part of the pulp space that hes within 
the ront of the tooth. If starts by an arifice ate 
ends bye an ae rimen The root canal taper 






b- Accessory canals: 


These are lateral branches of the main root 
canal communicating the pulp space with the 
penudontium and ending with accessory lura- 
ina. Although they could exist at any level along 
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Fig.l. Anatomy of the pulp space 


the length of the root canal, they are mainly de- 
lected al the apical third of the canal as well as 
at the furcation area in multirooted teeth. A dis- 
tinction sametimes could be made between the 
lateral and the accessory canal in that the lateral 
canal is an accessory canal that branches to the 
lateral surface of the root and is visible on the 
radiugraph, They cuuld occur due to: 

e The periodontal vessels at the apical third 
would curve around the root apex of a de- 
yeloping tocth and get entrapped within the 
epithelial rout sheath of Hertwig. 


e Disinfegrafion of a segment of the epithelial 
root sheath of Hertwig before induction of 
dentin formation, hence inhibiting dentin or 
ecemencim formation. 

¢ Failure of fusion of tongue lke projections 
af the diaphragm m mulfironted teeth re- 
sulting in accessory canals in the furcation 
areas, (Fogad rate | l 
In a single routed tooth, (he coronal (pulp 

chamber} and radicular (roof canal) pulp spaces 

are continucus as the pulp chamber merges info 
the root canal and the division between them 1s 
indistinct. 

The apical forumen: 


It is an aperture at or near the apex of the root 
through which the blood vessels and nerves of 
the pulp would enter or leave the pulp cavity. 


TFOHRWNICAl & Cl INC a FA RODONTIOS 


iO 


cone | 


È 


Qa 4 


eae 
i chee 


Anatomical studies had demonstrated thal the 
apical foramen could be located within the 
anatomical apex in only 17-46%. of the cases. 
It could also cxist on the mesial, distal, 
or lingual sufaces at an average of 0.4-0.7 mm 


away from the anatomical apex Fig. (2). 





as follows Pig. (3): 


lass J: 
crest En Er Ae 
Class F: 





Root canals can be classified accordmg to 
maturity of the canals (completion of root canal 
fortmmauion and apical consiricton) and curvature 


Mature, straight root canals 
` Uppe arnie ekar devel pime T 


alate curved roct canals that could be: 


* Slightly curved 


© Severely curved (dilacerated) 


agone 


a Ne 


Class sis Tm ature with open apex that could be: 
© Tubular (hk 





Type 


one apical foramen. 


Type IEL Two root canals with two orifices and 


one apical Corairen. 


Type Hi. Two root canals with two orifices and 


two apical foramina 


Type iV: Single root canal with one orifice and 


‘ Blundcrbuss (eor j 


a of the root canal system within the 
single root Fig. (4) as follows: 


i: Single root canal with one ortfice and 


(wo apical foramina forming an apical delta. 


Type V: Single root canal with one orifice that 
divides into twe canals within (he body of (he 
rout forming a dentin island then reunite to exil 


with ane apical foramen. 


Type Vi; Two root canals with twa orifices that 
unite within the rvol into one canal (hen divide 
again at the apical third mte two canals with two 


apical foramina. 


TECHNICAL & CL HICAL EMNGOD 
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Fig 2. Location of the apical “oramen 


Curved DilaveratsJ 


CLASE II 
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Fig.3 Root canalclasses 


Type | Type Il Type UL 


Fis. 4. Types of root canal configurations 
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PULP SPACE MORPHOLOGY & CORONAL ACCESS CAVITY PREPARATION 


VERTUCCI CLASSIFICATION OF ROOT 
CANAL MORPHOLOGY 


Other studies made by verfucct , using cleared 
teeth in which the root canal systems had been 
stained with hema‘oxylin dye, found a much 
more complex canal system. In doing so vertucct 
identified eight pulp space configurations, which 
can be briefly described as follows (Fig. 5): 


" pe ft A single canal extends from the 
pulp chamber to the apex (1). 


© Type fT; Two separate canals leave the 
pulp chamber and join short of the apex 
to Form one canal (2-1). 


* pe HE One canal leaves the pulp 
chamber and divides into two in the 
root: the two then merge to exit as one 
canal (1-2-1). 





Type IF ‘lwo separate, distinct canals 
extend irom the pulp chamber to the 
apex (2), 


fype F One canal leaves the pulp cham- 
ber and divides short of the apex into 
two separate, distinct canals with sepa- 
rate apical foramina (1-2). 


Type VT; Two separate canals leave the 
pulp chamber, merge in the body of the 
roo‘, and separate short of the apex to 
exit as two distinct canals (2-1-2). 


Type FIL One canal leaves the pulp 
chamber, divides and then reyuins m the 
body of the root, and finally separates 


into two distinct canals short of the apex 
(L-2-1-2), 


Dupe VHE Three separate, distinct ca- 
nals extend from the pulp chamber to 
the apex (3) 


Fig. 5. Diagrammatic Representation of canal configurations based on the work of Yertucci 
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TELHNIZŻZÁAL & CLINI LAL ENDGD ON) Cs 


PULP SPACE MORPHOLOGY OF 
ANTERIOR TEETH 


Maxillary Central Incisor:Fig. (6 





Average Lengi: 23m: 

Root Number and Form: One and bulky 
Canal fype: Typel 

Labte-lineual section: [tis narrow near the inci- 
sal edge then widens as it approaches the cervi- 
cal line and then tapers towards the apex. Lin- 


vual shoulder is present cervically. 


Mesito-distal section: The pulp chamber is wid- 
er than in Jahio-lingual (1.-1.) section with three 
painted pulp horns. 


The chamber tapers towards the canal which in 
turn tapers unifonmly to the apex. 

Cross SECON: 

Cervical. nearly triangular in shape with apex 
lingually and base lahiall y. 

Mid- rear: ovoid mesio-distally 

Apical: round 

Onting form: 


Tnangular in the middle middle one third of 
thepalatal surface with base incisally and apex 
cer vically. 


Maxillary Lateral incisor. Fte. (73 
223mm 


Roo Number aad Foran 





Average Leneii: 


One spe root egm in apical distal 
and/ur a palatal curvature.) hu *s Suh | THe rs 
AALS, 

Typel Lt —— 

Lahio-lineual secttoa: Similar to maxillary cen- 


iral incisor. Lingual shoulder 1s present where 
the chamber and canal join. 





C TE Type J 


Mesio-distol section: As maxillary central incisor. 


— ý labiu-linygual (L-L) direction 


the middle middle 











one third of palatal surface., 


1EEHNI A EIL NICAL FARO IA TIS 





sprëd EAF miehen 


© CHAPTER | (n ja 





E : a R ERG a 

Fiz. & Maxillary central incisor, A: mzsiodistal section 
R: lahtolingnal section, C: cross sechons ‘cervical, 
middle, apical), D: outline form 





biz./, Maxillary lateral incisor, A: mesroaistal rection, B: 
lablolingual section, C: cross sections (cervical, 
middle, apical}, D: outline form 
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Roots Nuinber aud Form: 
One root, slender mesio-distally and bulky la- 
hio-lingually. Distal? labial apical curvature may 
be present, 


Canal Type: Type 


Labio lingual section: Begins as a point ineis- 
ally and widens al cervical and mid root regions 
with prominent lmgual shoulder. The canal nar- 
rows thereafter m the apical one third as it ap- 
roaches the apical foramen. 


Mesto-distal section: Narrower than in the L-L 
section wilh one soinled pulp horn and a nearly 
umiform taper fo the apex. 


Cross Sectioi: 
Cervicaf:ovalin L-L direction 
Mid-roor oval 

Apical: round 

Outline fornt Oval inciso-gingivally in the 
middle middle third cf the palatal surface. 
Mandibular Central and Lareral Ficisors, Fig 9) 
Average Length. 21 mmn 
Roots Number and Form: 


One root that is narrow mesio distally (MD) but 
relatively broad Jabio-lingually (L-L). It has dis- 
fal and for lingual curvature Sometimes two 
roots can be found; labial and lingual. 


Canal Type: 
Type i 60%-7D% 
Type II, Tyze Til 309-407 


Labio lingual section: The chamber starts as a 
soint mcisally then widens. One broad canal is 
found or two canals {labial & |mgual) that gi- 
ther jom near apex (type H) or remain scparate 
(type IID). Lingual shoulder can be detected. 


Mesio distal section; Quite a narrow suls cham 
ber with three pulp horns. The chamber tapers 
towards a very narrow canal that follows the 
curve of the root. 





Fig. 4 Maxillary mesiodistal 
RB: labiolingual section, C: cross seclions (cervical, 


middls, apical), D: outline form 


canine; Š: secon, 


Fig. 9. Mandibular central & laleral incisors; A: mesiodistal 
section, B labialingual section {type I) , C: cross 
sections (cervical,middiz, apicali, DO: outline 
Porm, E: labbolinguai section {tvpe II}. 


Crass Section: 

Cervical: aval in L-L direction and narrow in 
M-D direction. 

Mid-root: ovoid 

Apical round 


Outline form: Triangular in the middle third of 
the lingual surface, but sometimes could be ova! 
due ‘o aging. 


Mandibular Canine: Fig. (10) 

Average Length: 24mm ~ 

Roots Number aid Form: 

One rool ‘hat is narrow mesiudistally, but broad 
lamolingually. 

Rarely, two roots found; labial and lingual. 
Canal Twe: 

Typel 94% 

Type ll Tl 6% 


Labro-lmgual sectrun: Slarls as a pomi metsally 
then widens till apical third where if starts fo taper. 


Meste-dtstal sectron; Much narrower than in 
L L section with one pulp horn under the cusp 
and nearly uniform taper to the apex. 


Crass Section: 

Cervical: oval m labiolingual direction 
Mid-roet: avoid 

Apical: round 

OQuiltie form: Oval labtolingually m the middle 
middle third of lingual surface. 

PULP SPACE MORPHOLOGY OF 
PREMOLARS 

Maxilla 


Average Length: 2lmm 


First Premolar: Fig. (11) 





Roots Number and Forh: 
» Two rocts in most of the cases; buccal and palata. 
= Onerocot in 28% of the cases. 


© ‘Taree roots; MB, DB and palatal with an 
incidence up ‘o 6% (Fig.]2). This variation 
was found tu be wyuite miluenced by the 
ethnic background. 


Fa = = Th 
f 


cHapien ( 11) 





Fiz. 


co 


LO. Mandibular: canine; A: mesiodistal section, 
D tabtolingual section, C: cross sections (cervical, 
middle, apical), D: cotline fomm 





Fig. 1: 


Maxillary zst premolar, A: mesiodistal section, 
B: buccopalatal section (hyo coats, type [ each), C 
cross cechione (cervical, middle, apical}, D: outline 
font, E: buccupalalal section (oei oat, Lype IL 
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PULP SPACE MORPHOLOGY & COAONAL ACCESS CAVITY PREPARATION 


Canal Type: 

The majority of maxillary premolars were found to 
have (wu canals, buccal and palatal, irrespective 
of whether the tooth has a single or a double ront. 
Two roots: tach has type l 
Öne root: Type IIL most frequent 

Type H less frequent 

Type I the least frequent 

Each has (ype 1 (MB, DB and pala- 


Three routs : 
tal canals) 


Rreco-dingual section; Wide, two pulp horns un- 
der each cusp. 


Buccal pulp hom i more prominent m young 
(cell, Roof of the pulp chamber is coronal to the 
cervical line. The floor is convex and lies deep in 
the coronal one third of the root below the cervi- 
cal line, with two orifices buccal and palatal. 


Mesio-disial section: Narrow resembling the up- 
per canine. 


Cross Section: 
Cervical oval bucco-palatally/rnibbon shaped/or 
heure & 


Mid-root ovoid or almost round “each canal” 
Apical: round 


Ontline form: Oval m buccolmgual dimension, 
in the center of the occlusal surface. 


Maxillary Second Premoiar: Fig. (13) 





Average Length 21 mm 
Roots Number and Form: 
One root in &5% of the cases. 
Two routs in 15% of the cases 


The (hree-routed fonun is a rare finding and rang- 
as Írom. Ü. tol’. 

Canal Type. 

The maxillary second premolar has a single ca- 
nal in approximately 50% Le even though 85% 
of these teeth have a single root, as previously 
mentioned, a high proportion will still have two 
canals present, 





Fig. 12. a. Extracted maxillary right first premolar with 
three very fine roots, b. Maxillary left first 
premolar with three roots and three canals (MB. 
DB. Palatal) 





Fig. 13 Maxillary second premolar; A: mesiodistal sec- 
tion, B: buccopalatal section (one root wilh lype 
I canal}, C: cross sections (cervical, middle. api- 
cal). DT: ontline form, F: boccopalatal section 


(hwo ppls bayonet, each willy type T canal). 


One ropt: Type I most frequent 
Type H less frequent 
Type IIT least frequent 


Two roots: ach has type |, bayonet curve could 
be found in 20% af the cases, 


TECIINIZAL & CLINICAL ENGODZNTIECS 


Three roots: Law incidence of three canals in 
the maxillary second premolar; MB, DB and 
palatal (Fig. l4). 


Bucco-dinguail section: Similar to maxillary [irs! 
premolar. ]f single canal is present, 1t 1s large and 
ecntcred inside the root, 


Mesto-dival sections Narrow resembling maxtl- 
lary first premolar. 


Cross Section: 

Cervical: one canal: oval 
Twe canals: ribbon or figure & 
Mid root: one canal ovaid 
Twa canals: round 

Apical: round 


Outline form: Oval buccolingual in the center 
ul the ucclusal surface. 


Mandibular First Premotar: Fig. (15) 
Average Length: 22mm 


Roots Number and Form: One root. A relatively 
hulky crown in relation ta the more slender root. 
Rarely two roots can exist: buccal and lingual. 


Canai Type. If one root: 
Type I most frequent 73% 
Type I] or I] or lV 


If two roots: 


less frequent 


One canal is present in each root (type D. 


Bucco-lingual secon: Wide, with prominent 
huccal pulp horn. In young teeth, a small lingual 
pulp horn is present which may disappear by age 
civing the pulp chamber the appearance of man- 
dibular canine. 


The crown shows a lingua] Inclination of 30° ta 
the long axis of the root. » 


Mesio-distal section: Narrow simulating man- 
dibular camne. 


Cross Section. 


Cervical: Ovoid 
Mid root Ovoid 
Apiea, Round | 
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Fip. 14. Maxillary left second premmola with a buccal and 
palalal cools: the buccal rool has beer canals while 
the palatal root has one canal, 





Fig. 15. Mandibular first premolar, A: mesiodistal section, 
B: buccolingual section {type 1), C: crosseections 
feervical, middle, apical’, D: outline form, E: buc- 
colinzual saction (type Il). 
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PULP SPACE MORPHOLOGY & CORONAL ACCESS CAVITY PREPARATION 


Ouitne form: Oyod buccolingually. The access 
cavity 1s located m the occlusal surface slightly 
towards the buccal cusp. 


Mandibular Second Premotar: Fig. 


Average Leaeti: 21 5mm 





Roots Number and Forny One root. Two roots 
can occur rarely: buccal and lingual. Three roots 
occur extremely rarely; two buccal and one lin- 
gual 


Canal Type. 

One root: lype | most frequenti R54.) 
Type LIL, TY less frequent (15%) 
Nore than one root: Typel 


Bucco lingual section: Similar to mandibular 
first premolar except that the lingual pulp horn is 
more promment under a well develuped lingual 
cusp. 


Mesto-distal sectioaa: Similar to mandibular first 
premolar 


Cross dechon: 
Cervical: ovoid 
iMid-reer: ovoid 
Apical: round 


Outime form: Ovuid bucculin gually in the center 
of the occlusal surface. 


PULP SPACE MORPHOLOGY OF MOLARS 
Maxillary First Molar: Fig. (17) 

Average Lengri: 20. 5mm 

Roots N umber and Forum: 

Three roots, two buccal and one palatal. 


Mesiobuccal (MB): it initially curves to the me 
slal and near (he mid-roul region, 1 curves to (he 
distal. 

Distobuceal (I): has a less curvature to the me- 
sial than MB root forming together a “cow horn 
appearance’. 





Fig. 141. 


Mandibular second prearvolar, A: masiodistal ser- 
tian, B buccolingnal section {type 1Y), C: cross 
sections (cervical, middle, apical), Dx outline 
form, E: buccolinfual section (type I). 


Palatal: (P); The broadest rout. Diverves palalaly 
and might have an apical buccal curvature, 
Canai fd ype: 

MB root: Tyge 11,11 most frequent (over 90%) 
Type] least frequent 

DIB root: Pyne l, narrow 

F root: Type I, wide and broad 


Rarely, P and DB roots might have two root ca- 
nals each, 


Root canals follow the direction and the curva- 
(ure of (heir routs. 


Huceo--iaewdl secon: 


The floor of the pulp chamber is in the cervical 
one (hind of the riot, while the rool is in (he cer- 
vical anc third of the crown. Pulp horns extend 
under each cusp. Palatal canal is wide and may 
have a buccal curvature. 


Mesto-distal sectisii: 


Buceal canals are narrow and well centered in 
respective roots, but with both orifices located m 
the mesial 3/5 of the crown. 








Fie. 27. Maxillary frst molar, A: mesiodistal section. B: buccopalatal saction, C: cross sections (cervical, riddle. apical, 


O: outline form 


Cross Section: 


Cevieat: triangular or quadrilateral according to 
the number of orifices at each correr 


MBE: ribbor. shaped or two separate canals. 
DB: small and round 

P: wide and oval in a mesiv-distal direction. 
Mid-vnet: ovod or almost round “each canal” 
Apicaf; round 


Oniine form: 





me ure 


Triangular outline form, wit 32 towards the 
buceal and (he apex (uwards the lingual, reflect- 
ing the anafomy of the pulp chamber. Orifices 
are positioned at the angles of the triangle. The 
orifice of the MB canal is usually ‘ocated under 
the MB cusp tip, the DB orifice is 2 mm distal 
and palatal to the MB orifice, while the P orifice 
is usually found on the same straight line palatal 
to the DB oriiice, 





Ir case of a fourth canal detected, second meslu- 
buccal carnal (MB2), the outline form would be 
a quadrilateral where the extra orifice is detect- 
ed in a groove paatal to the mesiobuccal canal 
(MBI) as a tail of a coma. 


The cavity is entirely within the mesial hall of 
the toota and should be extended enough to al- 
low positioning of (he instruments and ublura- 
tion techniques. 


Maxillary Second Molar: Fi 


(18) 





Average Length: 2i mm 
Roots Number and Ferm: 
Three routs, (wo buccal ard une palata. (90%), 


Two roots, ore buccal and one palatal (10%). 


One root, extremely rare. 





Fig. l8. Maxillary second molar; A: mesiodistal section, B: buccopalatal sectian, © cross sections (cervical, midale, 
apical), D: ontline farm (three canals), R: rarely. hyo roots with hyo canals rzsulting in an oval outline for. 
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Canal Type: 

Three roots: 

ME: Types 1, Hor IHI 

P & DB root: Type leach. 


Two roots: Each would have canal type | most 
frequently. The buccal root may have type H or 
IEI as well, 


One roof: may include one, two or three canals. 
Ruecce--liaeual sectien: 

Similar to maxillary first molar, 

Mesto-distal sectio ti: 

Similar to maxillary first molar. 

Cross Section: 


Cervical: Similar to maxillary first molar, but 
the DD orifice may be located at the center of the 
cavity floor and canals are closer M D due to the 
crowns bemy narrower M-D than in maxillary 
first molars. 


Fig. 19. 


Mid-reot: ovoid cr almost round “each canal” 
Apical; round 
Outline fori: 


Vnangular outline form similar fo maxillary first 
molar, but narrowcr M-D due fc the position of 
the orifice of the DB canal near the center of the 
cavity flocr. 


Mandibular First Molar: Fig. 





Average Leaeth: Zimm 


Roots Number and Form: Two roots, one mesial 
and one distal, 


Mesial roof usually curves distally, broad B-L. 
and narrow M D., 


Distal root is ether straizht or with slight me- 
sal curvature. Itis narrower than the mesial ront 
B-L, but wider M-D. 





Mandibular first! molar; 4: mesiodistal section, B: buccolingual section (mesial view), C: buccolingual section 


(distal views; tvpelttypelll, D: cross rections (cervical, middle, apical), E: outline form 





Fiz. 20. Mandibular right first molar with 3 roots- M, D and 
DL and 4 canal systems. 


Anatomical studies of over 10.000 teeth found 
that the three-rooted variety, with a bifurcated 
mesial ur distal root cr an additional supple- 
mentary root, had a high incidence of 14.6% 
(Fig. 20), 


Canai Type: 
Mesial root: always has two canals (MB & ML) 


Type IH 90% 
Type Il 10% 


The incidence of a Middle Mesial canal (MM) 
ranges from 1% to 13%, (Fig. 21) 


TECANICA. & CLINICAL EN SOODONTICS 











Fip. 21. Three mesial canals 


Distal rout: Type I 68.3% 
Type ll, 31.7% (DBD) 


Root canals follow the direction and curvature 
of their roots. 


Ancco-fiague? sectroa: The pulp chamber is m 
the center of the crown. 


Nesial canals are narrow, while the distal canal, 
if one, is wide and ribbon shaped. 

Mesro-disial secitoti, 

The pulp chamber is broader M-D than B-L. 


he orthices of the mesial and distal canals he 
in the mesial 2/3 of the crawn. The canals are 
centcred in their roots, 


Cross Secor 


Cevical: triangular or quadrilateral according to 
the number of orifices at cach corner. 


Distal canal is wide, kidney shaped or ribbun 
shaped. 


MéMid-reoi: ovoid or almost round “each canal” 
Apicai round 
Cutline fornia. 


Triangular outline form, with base towards the 
mesial and the apex towards the distal, reflect- 
ing the anatomy of the pulp chamber. Orifices 
are positioned at the angles of the triangle. The 
orice ol the MB canal is usually located under 
the MB cusp tip, the ML orifice is 2 mim lingual 
to the MB onfice, while the D orifice is usally 
located | mm distal to the central fossa. 


In case of a fourth canal detected, DB or DL. the 
outline form would be a quadrilateral. 


The cavity is entirely within the mesial 2/3 of 
the tooth and should be extended enough to al- 
low positionne of the instruments and ubtura- 
ton techniques. 


Munditbufur Second M olur: Fip. 





Average Length: 20 mm 
Roots Number dnd Forat: Lt may have: 


‘Two roots, 769o of the cases: one mesial and one 
distal, 


One rout / rout fusion , 21,89 of the studied cases 


‘Three roots: two mesial and one distal 





Fig. 22. Mandibular second molar; Æ mesicdiztal section, B: buccolingual section (mesial views; type TM}, C buccolingual 
section (distal view), D: cross section (cervical), E: outline fomi, F: C-shaped canal 
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Pu SPACE MORPHOLOGY & CORONAL ACCESS CAVITY PREPARATION 


Canai Type. 
It two roots: 
Mesial root: 
Two canals, Type Il or MI most frequently 


‘Type | least frequent 


Distal root’ Type I most frequently 


If one root: 


Two canals, mesial and distal (type III or II} or 
one large canal (type D) or three canals, or © 
shaped canal as frequent as 8.5% (Fig. 23). 


Most C-shaped canals occur in (he mandibular 
second molar, bul (hey also have been reporied 
m the mandibular first molar, fhe maxillary first 
and second molars, and the mandibular first 
premolar. The pulp chamber of a molar with a 
C-shaped root canal system is a single, ribbon- 
shaped orifice with an arc of 18D degrees or 
more. below the orifice, the roof structure can 
show a wide range of anatomie variations that 
would render cleaning, shaping and obturation 


difficult. 


The “C” shape canal configuration can vary 
along the root depth so that the appearance of 
the orifices may not be good predictors of the 
actual canal anatomy. C-shaped canal configura- 
Gaon was classified by Fan et alin 2004 (Fig. 24) 
as Follows : 


Category | (C11): The shape is an uninterrupted 
“CY with no separation or division 


Category I] (C2): The canal shape resembles a 
semicolon resulting from a discontinuation of 
the “C” outline 


Category IIL (C3): Two or three separate canals 


Category IY (C4): Only one round or oval canal 
is in the cross-section 


Culeuory Y (C5): No canal lumen can be ob- 
served (is usually seen near (he apex only) 


Bueeco--lingial sectioasSimilar fo mandibular 
first molar. 





Fig. 24. Schematic representation of C-shaped canal 
configuration classification described by Fan et al 


Mesto-distel seciion Similar to mandibular first 
molar. 


Crosy Section: Similar to mandibular first molar. 


Gutline form: “Tnangular outlme form with 
base fowards the mesial and the apex fowards 
(he distal, rellecang the anatomy of the pulp 
chamber. Orifices are positioned at the angles of 
the triangle, 


Coroni Access Cavity Preparation 


The endodontic has 
been divided into coronal and radicular cavity 
preparations. The principles of cavity preparation 
established by G.V.Black have been modified 
by John Ingle tc suite the endodontic cavity 
preparation. It has been divided info coronal and 


radicular cavity preparation In this chapter only 


cavity preparation 


the coronal cavity preparation will bc dealt with. 


Princtples of coronal access cavity preparation: 
l- Outline form 
II- Convenicnee form 


II- Removal of remaining carious dentin and 
defec‘ive restorations 


IY- Toilet of the cavity 
T- Outline form: 


Tac cxtcrnal outline form cvyolyes from tac 
internal anatomy of the pulp chamber. That is fo 
sav, the external outline form is established by 
mechanically projecting the internal anatomy of 
“je pulp onto the external surface. This can be 
accomplisnaed by drillmg mto the open space of 
tae pulp chamber and tien working with the bur 
from inside of the tooth to the outside, cutting 
away the dentin of the pulpal roof as well as the 
overhanging walls. 


To achieve proper outline form, three factors 
must be considered: 


l- The size of the pulp chamber 
2- The shape of (ne pulp chamber 


3- The number, position and curvature of indi- 
vidual root canal 


I- The size of the pulp chamber: 


Larger pulp caambers require larger outline 
forms than smaller pulp cnambers. Since the size 
of the pulp chamber is usually affected by age, 
younger patients require more extensive outline 
forms than older patients where pulp recedes. 
Trauma, extensive caries as well as medications 
such as calcium hydroxide are other factors that 
could aftect size of pulp chamber Fig. ( 25). 


2- fhe shape of the pulp chamber: 


The finished ouflme form saould accurately 
reflect the shape of the pulp caamber. For 
example, (ie oval shape of (he pulp chamber 
of maxillary first premolar extend up (he walls 
of ihe cavily on ihe occlusal surface, hence 
revealing (he final outline Porm to be oval as seen 
in Fig. (26), 














Fig. 26. The outline fo: mreflects the shape of pulp chamber 


3 The nemben position and curvature of 
individual root canal, 


The access cavity walls should be extended 
enough to expose onilices of all canals present 
Fig. (2/3 as well as facilitafe entrance of 
the instrument into each root canal without 
in‘erterence and allow instrumen: approach to 
the apical foramen without strain. Hence, the 
convenience form partially regulates the ultimate. 
outline form Fig, (28). 


il- Convenience fori: 


lt is [ne form given fo the access cavity fo 
improve visibility, mstrumentation and obtu- 
ration of the root canal by providing a straigat 
line access (SLA) from the occlusal surface ‘o 
the apical foramen, Four important benefits are 
achieved through Lae convenience lorin. 
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Fig. 2/ Shape of pulp chamber ts affectsa by number of 


Toot canals 





Fiz. 28. Dentin intererence should be removed to allow 
pooper preparation of curved canals 


l- Unebdsiructed access to ihe canal orice: 


Enough structure must be removed to 
alow instruments to be casily inserted into the 
orifices of cach canal without interference from 
the overhanging walls, In some cascs the outline 
form could be modified to facilitate scarch for 
additional canals as lower incisors, premolars, 
maxillary first molars and mandibular molars. 


2- Direct access to the apical forainen: 


Enough structure must be removed to allaw 
freedom of the instruments within the coronal 
cavily allowing them to extend down imo (he 
canal in an unstrained posiuon Fig, (29), This is 
especially (rue in severely curved canals. Ocea- 
sionally (otal decuspation could be reyuired. 





Fig, 29. Endodontic instruments thould extend into the 
apical third without any sky aun 


3. Complete authority wer the enlarging tistriment: 


If (he instrument is unpinged at the canal 
orifice by tooth structure that should have been 
removed, the clinician will lose control of the di- 
recoion uf the Up of the instrument that will be 
directed mstcad by the infervening fonth struc- 
ture. On the other hand, removal of enough tooth 
structure around the onlice allows the instru- 
ment fo be controlled by two factors only; the 
clinician’s fingers holding the handle af the in 
s(rument and the canal walls touching the up of 
the instrument. Failure to properly modify the 
access cavity outline will ultimately lead to fail- 
ure as ledge, rout perforation, mstrument [rac- 
turc, Improper cleaning and shaping. 


4- Extension to accommodate filling techitque: 


Enough structure must be removed to facili- 
late Che use of vbturating ms(ruments as well as 
the application of various obturation techniques 
(e.g. softened gutta-percha technique) and the 
sophisticated use of endodontic implants. 


carious dentin and 


ffi- Renovel of remaining 


defective resiorations: 





C‘anious structure and defective restorations 
must be removed to prevent obstruction of 
(he orifices by luuse pieces of restoration, tu 
reduce mechanically the bacterial population, fo 
eliminate discolored tooth structure as well as 


“ELAN LAL & -LINICA. EX POCONTICS 


to reduce the possibility of bacteria laden saliva 
leaking into the prepared cavity. 


IV- Toilet of ihe cavin: 


All caries, calcified debris and necrotic ma- 
terial should be removed 3y irrigation from the 
pulp chamber before radicular sreparation is be- 
cun tc avoid obstruction of the root canals 3y 
metallic or calcified debris or mereasing bacie- 
fal population by infected sort debris. 


The use of round burs and long blade end- 
odontic spcon excavators Fig. (30) as well as the 
Irrigation with sodium hypochlorite are excellent 
measures for cleansing the chan:ber. The cham- 
ber is finally wied out with cotton, Air lasts 
must never be aimed down the canals to avoid 
emphysema of oral tissues. 


Endodontic coronal access cavity preparation tit 
maxillary aid mandibular anterior teeth: 





The endodontic. access sreparation 1s always 
performed in the centre of the lingal/palatal 
surface cf all the anterior teeth. For ‘he incisors, 
the outline form of the cavity is triangular in 
shape with its base towards the incisal edge and 
its apex towards the cingulum Fig. (31). Por the 
canines, the outline form is oval in shape in an 
Inciso-gingival dircction Fig. (32). The cavity 
extends between the two marginal ridges. 


The lingual/palatal surface is divided into 
thirds and the initial penctration is carried rut in 
the center of the middle middle third just above 
the cingulum Fig. (33A) using a round caraide 
bur #2 at right angle tc the long axis cf the tooth. 
Alter the enamel is penetrated and dentin 1s 
reached, the bur is directed 44° to the long axis 
of the tooth. A surgical length round bur could be 
uscd to penetrate the pulp chamber Fig. (33 B). 
The cperator should have the sensation of drop 
ping info an semoty saace. 


Deroofing 1.e. complete removal of the roof of 
the sulp chamber ts then carried cut using a round 
bur #3 or a tapered stone with round end or EndoZ 
bur. The instrument is held parallel to the long axis 
of the tuoth while cutting on withdrawal i e. work- 





Fig. 30. Endodontic spoon excavators 





Fig 31 & 32. Quiline rms o? maxillary incisor and canine 


ing from inside the chamber tc the outside without 
applying any pressure Fig, (33C). 


The cavity is then irrigated with sodium 
hypochlorite 2.5% to Hush away the debris. T'he 
endcdontic explorer can be uscd to detect any 
overhanging walls that should 5e then removed 
till the explorer can be freely placed into the 
canal. A lingual projechion of dentin (lingual 
shoulder) corressonding to the lingual cingulum 
iS a cowmon feature m anterior teeth and care 
should be taken as to its removal using a tapered 
diamond stone on withdrawal Fig. (33D). This 
would provide a smocth transition between the 
pulp chamber and the canal, Sometimes a small 
round bur can be used to remove pulp hom 
debris Fig. (33E). 
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Fig. 33. Steps of endodontic coronal cavity preparation in anterior teeth 


Planing, smoothenmg and finishing of the 
cavity dentinal walls and margins are best 
achieved using a long tapered diamond stone fo 
facilitate Insertion of instruments freely into the 
canal without any stram Fig. ( 33F). 


Errors during endodontic cavity preparation it 
maxillary and moadibalur anieriors 








The following errors could occur durmg access 
preparation in anterior tecth Fig. (34): 


l- Gouging of labial wall due to failure fo notice 
the lingual axial inclination of anterior teeth. 


E-t 


Gouging of distal wall due to failure to notice 
the mesial axial inclination of antenor teeth. 


3- Labiocervical perforation due to ‘ack of 
convenience extension incisally. 


4- Ledge duc to underextension and mcomplete 
authority over the instruments due to insuf- 
ficient convenience extension. 


ool 


S- Missed canal due to insufficient convenience 
ex (eS 1UDL 


6- Discoloration caused by failure to complete- 
ly remove pulp debris and necrouic (issue due 
to incisal uderextension of the cavity. 


Hidodontic coronal access cavity preparation tit 





maxillary and mandibular premolar teeth 








The endodontic access preparafion is always 
performed on the occlusal surface of premolar 
teeth. Por the maxillary premolars, the oufline 
form of the cavity is oval in shape with the 
larger dimension i (he buceo-lingual direction 
Fig, (35). For the mandibular premolars, tne 
outline form i3 ovoid bucco lingually ifthe canal 
is centrally located and further extension bucco- 
lingually could be needed if an additional canal 
1s defected Hig. (36). 





Fiz. 34. Errors during endodontic coronal cavity preparation of anterior testh 





Fig 35 & 36. Cutline forms of maxillary and mandibular 
premolar lestls 





The tuitial penetration is carried oul through 
(he occlusal surface in the center of the central 
groove Pig. (37A). A regular length round bur 
is aligned parallel to tae long axis of the tooth 
Fig, (37B). On reaching the pulp chamber, the 
operator will experience the sensation of drep- 
ping info an empty space. 

Derouling and extending the cavily buceo- 
lingually is then carried out usmg a round bur 
#3 or a tapered stone with round end or EndoZ 
non cutting tip bur. The instrument is he.d paral- 
lel to the Jong axis of the tooth wale cutting on 
withdrawal 1e. working from inside the cham- 
ber to the outside without applying any pressure 
Fig. (37C). Care should be given as to keep the 
mesio-distal dimension narrow to avoid pe:Tora- 
(ion since premolars are narrow mesio-distally in 
(he cervical region. 
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The cavity is then irrigated wita sodium 
hypochlorite 2.5% to flush away the debris and 
an endodontic explorer is used to iocate the orl- 
fices Fig (370) such that the bueca. orifice 1s 
usually detected under the buccal cusp tip, while 
the palatal orifice is usualy located ai the base 
of tae palatal cusp. The access cavity should be 
modified if needed to allow free inserfion of the 
explorer inte the orifices. 


Flaring, smoothening and finishing of the 
cavity dentinal walls and margins are best 


achieved using a tapered diamond stone or En- 
deZ bur Fiz, (37 E&F). 


Error cndodontie cavity preparation ti 
maxiiary and mandibular premolars Fig. (38) 
l- Perforation af the mesio-cervical region due 


to failure to recognize ‘he distal axial incli- 
nation of the tooth, 


$ durin 





bags 


- Underextended preparation exposing only the 
pulp horns due to lack of knowledge about the 
position of Aoor of pulp chamber. The igat 
coler of dentin is a cue to a shallow cavity. 


3 Overextended preparation could be due to 
searcing for canal orifices and failure to 
recognize the recessed pulp in preoperative 
rathovraph. 

4- Failure to explore, and obturate a second ca- 
nal due to under extended cavity or lack of 
knowledge uf the anatomy. 


S- Fractured instrument as a result of loss of 
instrumen‘’ control due ‘o lack of sufficient 
conveniente ¢XLELLSLUD. 





Fie. 47. Steps of endodontic coronal cavity preparalion in maxiliary and mandibular premolar teeth 
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Fip. 38. Friars clue ings eminikan: Laren | LA¥Ily prepa ALE u premnlai leili 


fududontic coronal access cavily prepardiiun IM 
maxtilary nolar teeth 


The access preparation 1s always on the 
accluisal surtace. Phe outhne Form is triangular 
in shape with its base towards the buccal 
surface and is apea towards the palatal wath 
three orifices at the corners. If an extra fourth 
canal is detected, the outline form would be 
quadrilateral. The entire preparation is located 
within the mesial half of the tooth without 
or slightly crossing the oblique ridge. Initial 
penetration is carried vut in the exact center of 
the mesial pit, midway between the mesial ridge 
and the oblique ridge. using round bur #2 Fig. 
(3942:39B). The bur ts slightly directed towards 
the palatal where the orifice of the largest canal 
exists. Once the pulp chamber 15 penetrated, 
the operator will eapertence the sensation of 
dropping into an empty space. An endodontic 


explorer is used to locate the orifices Fig. (39C). 
Complete deroofing is carned out using round 
bur or Endo Z or tapered stone with round end 
working from inside out, parallel with the long 
axis and applying no pressure Fig. (39D). 


l'he pulp chamber 13 irngated and dried. he 
MB canal orifice should be defected bencath the 
MB cusp tp. Phe DE canal oritice is located 2-3 
mm fo the distal and shghfly palata’ to the MB 
orifice. l'he palatal cana’ arifice 1s located ke- 
neath the base of MP cusp. An extra canal orice 
(MB2/MP) could he detected mesial and palatal 
to the ariginal MB orifice and would appear as a 
tail af a comma. 


Planing, flaring and smoo‘hening of the cay- 
ty walls should be then achieved using tapered 
stone with round end? Endo Z Mig. (S9E& 397"). 





Tig. 39. Steps of engodantic coronal cavity preparation in maxillary molarteeth 


Endodontie coronal access cavily preparation in 
nedndihular molar teeth 


The access preparation is always on the 
occlusal surface. The outline form is triangular 
in shape with its base towards the mesial surface 
and its apex towards the distal with the three 
orifices at the corners. IP an extra Courth canal is 
detected, the outline form would be quadrilateral. 
The entire preparation 13 located within the 
mesial two-thirds of the tooth. Initial penetration 
is carried out in the central pit using round bur #3 
Pig. (40A). The bur is slightly directed towards 
the distal where the orifice of the largest canal 
exists. Once the pulp chamber is penetrated, 
the operator will experience the sensation of 
dropping into an empty space. The pulp chamber 
is irrigated and dried, An endodontic explorer 13 
used to locate the orifices Fig. (40B). Complete 
Jerouling is carried out using round bur or Endo 
for tapered sfone with round end Fig. (HXI) 
working from inside out, parallel with the long 
axis and applying no pressure. 


‘The MB canal orifice could he found beneath 
the MB cusp tip. The ML canal orifice is located 
2-3 mm lingual to the MB orifice. The distal ca- 
nal orifice is located | mim distal to the central 
fossa. An extra canal orthce could be detected 
lingual or buccal to the distal orifice to end up 
with two distal canals; DB and DL. 


Planing, flaring and smoothening of the cav- 
ity walls should be then achieved using tapered 
stone with round end/ Endo# ( Fig 40. D&E). 








j 
CHAPTER | 
7 Z 


Errors during endodontic cavity preparation ii 





maxillary and mandibular meturs 


A- Underextended preparation where only pulp 
horns have been exposed. The entire pulpal 
roul is unremoved due to lack of knowledge 
ol difference between Nour of pulp chamber 
and ‘he dentinal roof with is lighter coluur 
indicating a shallow cavity. 


B- Furcal perfuration due tu Failure to notice the 
narrow pulp chamber or applying pressure 
during deroofing. 


C- Overextended preparation and gouging of 
the crown due to [failure tu observe pulp re- 
cession in pre-opertaive radiograph. 

D- Perforation at the mesio-cervical region in 
lower molars caused by Cailure to orient the 
bur parallel with che long axis. 


E- Missed canal due to underextended end- 
odontic cavity preparation leaving part of 
pulpal roof unremoved. 


F- Ledge due to underextended cavity. 


Aatos of Pulp Anatoniv 


( Fig 41) 
The following axioms of pulp anatomy can be 


of great help: 


l- The two orifices of the waxilary first pre- 
molar are further to the buccal and to the 
lingua! than usually suspected, 


E 


Fig. 4C. Steps of endodontic coronal cavity preparation in mandibular molar teeth 
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The orifices of the mesivo-buccal canals in 
molars are well up under the mesio-buceal 
cusps and the outline Form should he widely 
extended into the cusp. 


The orice of the palatal canal in wiganlary 
molars 1s not too far to the lingual, but 1s 
actually in the center of the mesial half of 
the tooth. 


The orifice of the disto-buccal canal in 
inaxiliarymoiars is not too far to the disto- 
buccal, but as almost buccal tu the palatal 
orifice. 


The orifice of the distal canal in mandibuelr 
molars is not toe far to the distal, but is actu 
ally m the exact center of the tocth. 


The orice of the mesio-lingual canal m 
mandiouad? modars 13 not too far to the rme- 
s10-lingual, but is almost mesial to the distal 
orifice. 


Certam anatomic variations occur with 


enough trequency to warrant mention: 


The mesio-buccal root ol maxillary irs! 
molar may have an extra mesio-bueccal 
canal (MIS2/ mesiopalatal) just palatal 
ta the mesio-buccal orifice. Jt is located 
in the groove that comes off the mesic 
buccal orifice like the tail on a comma 
and shuuld be detected. 


Mandibular frst molar may have two 
distal canals with either separate orifices 
ar one common orifice. 


Mandibular first premolars frequently 
have a second canal branching off the 
main canal to the buccal or lingual, sey- 
eral millimeters below the pulp chamber 
Hoor. 


Mandibular incisors frequently have two 
canals, The lingual canal is usually hid- 
den beneath the internal lingual shoulder 
that corresponds to the cingulum. This 
dentin prominence must be removed as 
previously mentioned tu permit pruper 
exploration. 
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CHAPTER REVIEW QUESTIONS 


Ll. Describe access cavity preparation for anterior teeth. 

2. Describe access cavity preparation for premolars. 

3. Describe access cavity preparation for molars. 

4.) Mantion various errors in access cavity preparation and their causes. 

5. Describe morphological features for anterior teeth and mention their most common variations. 
6, Describe morphological features for premolars and mention their most common variations. 


7. Describe morphological features for molars and mention their most common variations 


8. Discuss poinciples Jon access caviby preparation amd Cactors afeching sarli. 





e Hargreaves KH, Cohen 5. Cohen's Pathways of the puip. 10" ed. Mosby Ei Sevier, 2911. 


e Walton RE, Torabinejad M. Prinziples and Practize of Endodontics. 4" ed. W.B. Saunders Company. 
2009. 


¢  Inele JL, Gakiand LK, Daumgartner JC. Ingle’s Endodontics .+* ea. Wiliams and wilkins L994. 


e  Vertocci FI, Seelig A, Gillis R: Rootzanal morphology of the how an maxillary szcond pramolar, Oral 
aup Oral Medl Oral Pathol 35:455, 1974 


* Femande: M, de Ataide L, Wagle R. C-shaped root canal configuration: A review of literature. J 
Conserv Dent 2014:17 312-9 


e AdamsWN, Tomson PL. Access cavity preparation. Br Dent J. 2014 Mar; 215(6):333-9, 
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ROOT CANAL INSTRUMENTS 


CLASSIFICATION OF INSTRUMENTS 
AND DEVICES ACCORDING TO SE- 
QUENCE OF USE: 


I. Diagnostic instruments: 


> Basic examination imstruments (murmur, 
explorer, plier, periodontal probe). 


> Specialized devices: 


* Visual aids Magnifying loups  (2- 
6X), Survicul microscope (2-20X), 
Transillumination 


« Sensitivity and vitality pulp testing: 
Thermal sensitivity fests = (neural 
stimulation by cold testing, hot testing), 
electric pulp sensitivity fester (neural 
stimulation), Laser doppler flowmetry 
for vitality testing (records blood flow), 
Pulp Oximetry for pulp vitality (records 
oxygen saturation of red blood cells). 


¢ Radiographs: Plain radiograph, digital 
radiography ([(Digora, Radiovisiography 
RYG) Computed tomography CT and 
cone beam volumetric tomography CBYT. 


If. Instruments used during access prepara- 
tion: Regular and surgical length round burs, 
taperd burs with round ends, Endo Z bur 
(sate end bur to avoid bifurcation perforation) 


It. Exploring instruments: Endodontic 
ex plurer 


TY Extirpating instruments: Warbed broaches 


Y Root canal enlarging instruments: 


» Basic Manually Operated Stainless Steel 
Instruments: K type reamer, K type file, H 
file, and historically R file. 


Modified Design stainless steel instruments 


> Engine driven enlarging instruments: Ro- 
tary Nickel Titanium instruments, recipro- 
cating instruments, vibratory instruments. 


VI. Obturation materials, instruments and 
devices: 


Materials: 


{rutta-percha core filling material and root 
canal sealers. ResilonfEpiphany obturation 
system. 


Tustruments and devices: 
> Non sultened techmiyue: 


e Spreader: instrument with pointed tips for 
lateral compaction technique. 


> Softened techniques: 


© Pluyyer: instrument with flat taps Cor warc 
vertical compaction technique. 


e ‘Thermal applicator: uses clectric devices 
ta warm the instrument tip during com- 
paction such as: Touch “N” heat, Endotec, 
System B. 


» TThermomechanical compactor: the fric- 
Hon of a mechanically rotatmg instrument 
softens the gutta-percha and packs it inside 
the root canal such as Mc Spadden com- 
pactor, Quick- All, Multiphase I pac Mac- 
compactor. 


* Injection systems for injectmg thermally 
softened gutta-percha such as Obtura, 
Utrafil, 


e (ulfa-percha-carmier:; uses alpha phase 
sutta-percha coated on a metal or plastic 
carrier, that is softened in special oven and 
inserted inside the canal, such as Ther- 
mall, Successfil, Trifecta, 


VHI Misccllancous 


>» Apex locators: Electronic devices used 
tu determine the working length before 
root canal preparation. 


® Endobox tor organizing the endodontie tles. 


» Endometer: Metal or plastic autoclavable 
ruler for measurements during root canal 
enlargement. 


» Rubber dum set for isolation: Composed 
of rubber dam shect, punch, clamps, 
clamp holder, and frame. 
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EXPLORING INSTRUMENTS 
Endodontic explorer or probe; 





It has biangle or contraangle working part, 
used for exploration of the root canals’ orifices. 
It working part is long because uf ihe yreater 
distance needed to reaca the pulp chamber floor, 


EXTIRPATING INSTRUMENTS 
Barbed broaches I'ig.(1,2). 


They were the earliest manualy operated 
instrument to extirpate vita] diseased pulp 
tissues. Barbed broach isa tapered instrument of 
soft steel that is notched to produce sharp barbs 
extending outward from the shaft to snag tissues 


Correct use of (he barbed broach involves iis 
careful insertion in the canal until dentin walls 
are fell. Kis slightly withdrawn, (hen rulated a 
few rotations and removed. Vital tissue become 
entangled on (he barbs and removed before files 
are placed to the full working length. 


Ifthe operator torees the instrument apically, 
the barbs bend towards the shaft, However, when 
the instrument is withdrawn, the barbs cxfcnd 
and envave dentin. Further forceful removal 
may frachire the barns inside the canal. Karbed 
broach can also be used to remove paper points 
or cotton pellets of intcrtrcatment dressings that 
were accidentally lodged into the canal. 


Elavation of 
long shollow 
wecitiors 


, 


Fig.l. Manufacturing of barbed broach: Elevation of iong 
shallow incisions 








Fig. 2. Barbed broach entanzling vital diseased pulp tissue 


THO HNIVAlL At IK ad PANDO ITS 





ROOT CANAL ENLARGING INSTRUMENTS 


The realizauion that the whole pulp cavily 
had tn be cleaned and shaped in order to receive 
three dimensional fluid tight filling material, 
allowed various instruments (u evolve, 


Mode of operation: 
Intracanal instruments are divided into: 


Maially operated tustruiments: example barbed 
broaches (for extirpation only). K Reamers, K 
files and H-files. 


Engince driven instruments that operate by 
low speed handpiece: where Che latch type of 
attachment is part of the working section. Typical 
instruments are Gates Glidden Drills (GG) burs 
& Pesso reamers. 


Engine driven instruments similar to hand 
Operated instruments: however the handle 
is replaced by a latch (ype of allachment, 
This include; Purst: Rotary Nickel titanium 
instruments that operate by special gear 
reduction- torque control handpieces, Second: 
NiTi insiruments (hal operated by reciprocation 
or adaptive motion. Third; instruments that 
operates by vibration (Sonic or Ultrasonic). 


BASIC MANUALLY OPERATED 
STAINLESS STEEL INSTRUMENTS 





Basic hand enlarging instruments are readily 
available K Reamers, K file, Hedstroni or H type 
fife and historically the Rat-tail or Rasp. 


Kerr Manulaclurmy company was the first tu 
produce files in fhe early 1900s, hence the name 


K-type fie (K file) and K-type reamer {k reamer). 


l- MATERIAL OF FABRICATION; 


Initially, root canal instruments were 
manufactured from carbon steci However, 
chemicals e.u. chlonne and steam sterilization 
caused corrosion. Nowadays, carbon steel 
instruments of small sizes are only used in initial 
penetration of narrow canals. 
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AQOOF CANAL INSTRUMENTS 


The use of staafess oeei improved fae 
quality of instruments. Recently, Nickel Taninin 
(NiTi) alloy, which is extremely flexible, 
helps mamtammy curved canal shape. NiTi 
Instruments were initially available as manually 
operated instruments then nowadays they are 
engine driven. 


Benefit of materials that can be precurved: 


Instruments manufactured of stainless stcel 
or heat treated NiTi with stable martensite 
cau be precurved Fig. (3). Since few canals 
are perfectly straight, waen straight instrument 
is placed in a narrow curved canal, if may be 
stopped at the start of canal curvature. If tae file 
is forcibly rotated at this point, if will merely 
drive the tip of the instrument deeper in dentin 
and create a ledge. For (his reason it is best tu 
enter these canals with mstrument taat has been 
precurved. The nle will nave a better chance 
to traverse any curvature. Simply mild rotation 
(clackwise and anticlockwise watch-winding) 
of the handle will allow the tp tu slid off and 
continue towards apex. 


Precurving is either a gradual curve to facili- 
tate insertion in a curved canal or a sharp (30°) 
curve near (ae Up (used tu bypass a ledge [rum 
previous canal preparation). The use of coronal 
preflaring (hy Ciates-Cilidden drills or increased 
taper instruments) greatly enhances the ease by 
which tie precurved file may be inserted. 


N.B. austenitic NiTi can not be precurved. 





Fig.3. Precurving of stainless steel instruments 





2- INSTRUMENT PAHRICA'TION Fig.{4): 


Stainless steel K-files and K-reamers were 
originally manufactured from steel piano wires. 
For reamers: Three flat surfaces are ground on 
ihe sides of a piece of wire, to tapered triangular 
cross seclion while fur files four surfaces are 
ground to a square, cross section. Then the wire 
is counterclockwise twisted by stabilizing it on 
one end and the distal end ts rotated. Taus, spiral 
cutting edges are produced. lewer spirals are 
used for rcamers and more spirals for files. 


During this process the steel is work 
yardened waich affects instruments flexibility. 
Thus,areamer witn fewer spirals is more flexible 
(han a ile of simular size because of less work 
hardening. A pyramudal up (75+1 Y° is produced 
by yrinding afier (twisting. 


H-file is manufactured by machining fre 
instrument directly on the lathe. 


Tiela twists 
E ie 


Louse twists 
Renner 


Fix ar tip 


Steel ¥¥bre 


| Alanifcfoecinesc 
Sheers mise 


cyullnteral 
tu perel 
atirtnces 


Cutting edge otun 
angle tio lenp usl 


C atting edge 
W tet bing ntis 





J 
Fie 4. Fabrication of K Fils aul reaner 


3- DEFINING INSTRUMENTS BY FUNC- 
TION Fig.(5).: 


Fach yroup of instruments has a specific 
purpose, which normally couldn't be carried oul 
by a different mstrament. For example, a reamer 
is designed to cut a circular hole and can’t be 
used efficiently as a file for oval canals. 


K Reamers cut and enlarge canals with 
rotational motions, (insertion until binding, and 
clockwise 1/4to L/2 turning to engage the blades 
in dentin, then retraction). 


TFCHRICAlL ® ClIRICS! FWRONOKTISS 
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Pig.5. Different modes of file actions along the canai length. Reaming apicaily and 
circum: erential Aling in the coronai 2/3, 


K Files are instruments that mainly enlarge ca- 
nals with a push-pull planning motion; passive 
insertion until binding and heavier withdrawal 
dragging against the canal wall. 


ND. Finge motion is different than pistoning 
which invalves going up and down forectully. 
This fends fo pack dentinal filing at the apex and 
alter canal shape. 


NE, Circumferential Aling is the method of 
Hling along the circumference of oval canals, 
whereby the instrument is moved first fowards 
buccal side of the canal, then reinserted and 
slightly moved mesially. This continues 
lingually and then distally until all dentin walls 
have received raspiig. Ream is not suitable 
in aval canals, larger sizes to include the BL 
extremities will be on the expense of the MD 
dentin thickness. 


4- DESCRIPTION OF BASIC MANUALLY 
OPERATED INSTRUMENTS: K REAM- 
ER, K FILE, H FILE, R FILE. 


E- Reamers, Fig.(6) 
They are (he original mtracanal instruments used 
since the nineteenth century. 


L. They are manufactured by loose anticlock- 
wise twisting a tapering Jength of stainless 
steel wire which has a triangular cross sec- 
tion. Since each angle of the triangle cross 
section is approximately 60°, a sharp knife 
edze is available to shave canal walls. 


FECHAR TEL ee lp, el AL EN DA RENTE 


2. It has few number of spirals/unit length. 
The number of the flutes ranges from 0.5 to 
L flute / mm. 


The fewer twists result in increased clearance 
space (space between the cutting edges), 
which tends fo prevent clogging of the cut- 
ting edge (clogged futes decrease the instru- 
ment cutting eftectivencas). 


3. The instrument has a degree of Rexibility 
because the cross sectional area of the 
triangular bank is not excessively wide. 
Furthermore, i is less work hardened by 
having only louse (wists. 


4, The tip is sharp for better penetration of 
root canal. However, a disadvantage of a 
sharpened point is that it can lead to a ledge 
or perforation in curved canals. 


§. The Helical angle (angle formed between the 
cutting edge and the long axis of mstrument) 
is approximately 20". This provides 
information about the clinically effective 
cutting motion, whereny rotational cuttiee 
Moon 18 recommended; watch winding as 
if winding of a watch: (30°-60° clockwise 
& counterclockwise) or reaming action 
(insertion until binding, and clockwise L/4 fo 
1/2 turning to engage the blades in dentin, 
then retraction), Reaming motion is efficient 
with cutting edges that moreclosely parallels 
the instrument shaft. 
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6. They are only used in the preparation of the 
apical round portion of the rcot canal by 
clockwise reaming action, 


7. Dentists can use reamers to place root canal 
scalers and intracanal medications. (N.B. the 
reamer 1s turned counterclockwise fo force 
sealer apically), 


R 





Fig ð. K type reamer; lateral view, cross-sectional view and 
mode o aclion 


K -File, Fig. (7) 

The K file was devcloped by changing some 
of the principles of reamer’s design to improve 
instrument efficiency. 


l. Thevaremanufactured by tightanticlockwise 
twisting a tapering length of stainless steel 
wire which has a Square cross section, this 
forming an mstrument with cufting cdgcs 
along the spiral. 


2. Tighter twists increased the number of 
(he flutes iu be in (he rame [rom 1.5 ta 
2.5 Aute/mm. 


The tight twists caused the clearance space 
to be smaller and thus easily clogged with 
dentin. This requires periodic cleaning of the 
instrument before reinserting in the canal. 
Frequent wrigaiun is needed to remuve 
canal debris and prevent packing of debris 
apically. 


3, The square blank has four angles of 90°. It 
is not as sharp as the triangular blank. This 
decreased sharpness of the cutting edge is 
compensated by the more (visting and thus 
greater number of cutting edges. 


4. The larger square cross sectional diameter 
(compared to (he (angular of a reamer) is 
less susceptible to breakage. However, the 
Guhter winding of the file and its greater 
diameter causes decreased flexibility. 


S. The Helical angle (angle formed between 
the cutting edge and the long axis of the 
instrument} i about 40°. Ihis provides 
information about the effective cutting 
moton. Both pall push filing and reaming 
motions are recommended, 


G. K file is a universal instrument because it 
can ne used as both a file (scraping the flutes 
against the canal walls} and as a reamer. 
The push pull fling motion is more efficient 
where many flutes‘mm on the instrument 
contact fhe canal walls. N.B. The push pull 
filing motion is most efficient with cutting 
edges that are nearly at right angle fo the 
Instrument shaft. 


7». [tcan be used in preparing the oval middle and 
coronal parts of the canal by circumferential 
filing action and the round apical part by 
reaming action. 


A 





Fis 7. K type ‘ils, lateral view, cross-sectional view aud te 
two modes of action {Piling and reaming) 


TECHNIC ALA C_INICAL ENDODONTICS 


Hedstrom File or H File, Fig $) 


1. H-typc instrument has spiral cdges arranged 
to allow cutting only daring a pulling stroke. 
It is manufactured by machining (lathe- 
nuding ur mulling) round stainless sleel 
blanks into a tapered instrument composed 
of a serics oF successively smaller cones sect 
one on the other. The tip is sharpened. 


N.B. In machine grinding a sharp rotating cutter 
removes triangular segments out of the round 
shank in the same manner as wood screws 
are made. 


2. lfscross secfion isrounded with one pointed 
projection. The cane edges are extremely 
sharp. 


3. It is more flexible than the k file or rcamer 
because machining induces no work 
hardening as that produced by twisting. 


4. The Helical angle ts close fa 90°. Thus the H 
file 15 used in longitudinal filing motion and 
is nota rotatory cutting instrument. 







ore efficient in filing than the K type 
vasa the rarer edge contacts 


area rather oeie angle (ges 
Jefinition of rake angle later), 


ge) f 


0. The H file has (wo drawbacks. Iis weakened 
at each position of cone formation, resulting 
In fracture if the flutes bind in dentin and 
the handle rotated. The H file generally has 
sharperedges than the k file, 1t has tendency 
to screw into the canal during rotation. 


M.B. lt can be broken if wedged against 
the canal walls and twisted. Bending of H 
file results in greater stress concentration; 
leading to crack propagation and instrument 
separation. 





no be used in preparing straight canals, 
mmature feeth and the straight part of 
omnes canal s by filing action. 


8. Ti can be used to remove loose msirument 
fragments, paper pomts from canals The file 


TEC] SICAL &C CLINICAL CAD CS 


ap eS enaren ( 12) 


is placed, rotated to hook info the point or 
aumen, and (hen pulled. 


Filme action 


Fig. $. H file; lateral view, cross-sectional view and mode 
oF aclion 





Rat Tail file or R -Type rasp, Fig. (9) 


L. [ft resembles barbed broach in that spikes are 
cut into the shaft of flexible soft steel and 
project with their tip towards the handle. 
These spikes are more numerous shallower, 
smaller & nearly perpendicular to the shaft. 
lt is tapered with eight pointed polyhedron 
cross sectim. 


2. The tip is rounded. 


3. [f is used in push-pull action and cuts 
effectively on the pull stroke. Unfortunately 
it leaves the root canal rough and irregular. 


4. [tis not widely used today since barbs often 
Call off during instrumentation and end up in 
the root canal. 


Barbed broaches and rasps are similar in 
the general design; however, braaches and rasps 
show significant difference in taper and barb 
size. The broach has smaller taper (0.7%-1%) 
compared to the rasp (1.5%-2%). Barb height is 
vreater m a broach (han m a rasp, because (he 
barb is cut and elevated from the mstrument 
core; the broach is much weaker than the rasp. 
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Fig. 9 Manufacturing af Rasps (left-hand tide versus 
Barbed broaches (right -hand side) 

5- STAINLESS STEEL INSTRUMENT’ DE. 

FORMATION AND BREAKAGE Fig.(10}.:; 


Penuanent deforma‘ion of files and rewmers 
occur when the instrament gets bound in ‘he 
canal while the force of rotation continues. 
Excessive clockwise rotation of a locked 
instrument causes opening of the flutes, further 
clockwise rolalion causes reverse spirals. On the 
olher naud, excessive aaticiockivixe rovalion of a 
locked instrument causes winding of the futes 
more tightly. Both instruments can fracture 
when subjected to further rotation and MUST be 
diacarded., 





Fig. 10 Permanent deformations of K type instruments 


6- HAND INSTRUMENTS STANDARDIZATION 


In 1957, 


nomenclature 


logical 
canal 


Ingle established a 


for standardized ropt 


instruments, so that all manufacturers could 
conform im lengih, wrlh., and taper to a 
specie standards. The International Standards 
Organization (1SQ) further developed this 


system. 





Landmarks of standardized instruments are: 
A-The length of the instrument 
B-The numbering of the instrument 
C’-Incremental increase m sze 
D-Colour coding 
E-Instroment taper 
F-The tip angle 


G- Tolerance (quality control) 


A- The length of the instrument,Fig.11 


I. The position where toe cutting edges begin 
on the instrament is called D° (originally 
D1), The flutes extend up the shaft for at least 
l mm to stop at position D16 (originally 
D2). 


2. The rest of the shaft has no Hates. 


3. The length of the whole instrument from 
tip to handle is eather 25 mm (most common) 
or2}mmor28or 3] mm. Shortinstroments 
(21 mm) afford improved operator control 
and easier access to posterior teeth. third 
molar and in patients who can’t open widely. 
The longer instrument (28 or 31mm) is used 
for longerroots as canines. 


Remember: The length of the blade with 
culling flutes (between D° and D16) is L6 mm 
regardless of lotal instrument length. 


Non Working pari 


(ihal t Forking pari lnm 


Dy 


iF 


eo 7 
TORRE ho oe eee i a 
25 int (or 21 of 28 wr 31) 


Fig. Jl. Length of the cutting edges and the whole 
instrument. Note the increase ol the smooth shaft 


length in the 4] mm long instrument. 


B- The numbering of the instrument: The 


standardized instruments are manufactured 
from sizes 6 to 140. The number expresses 
(he instrument diameter al lip flu D in 
hundredths of millimeter. 


Exam ple: 


Instrument number 30 as a diameter at I} = 
30/ 100= 0,3 mm, and rumber 6 has diameter 
at D = 6/100 = 006 mm, 


C- Incremental increase, Figure 12, Instrument 


sizes facilitate the placemert of the next 
instrument size in the canal up to the working 
longth. 


In small sizes from # LO up to 60, the 
Increment is 5/100 (0.05 mm or 50 microns) 
separating one instrument from the next, 


In large sizes fiom 4 60 up tv 140, the 
mcrement is 10/100 (0.1 nm or 100 microns) 
separating one mstrument from the next. 


While from # 6 up to 10, the increment is 
2/100 (0.02 mom or 20 microns). 


A total of 21 instruments exist with the 
following sequence according to the above 
tenuoned meremenlal increase EI mstrumen! 
diameter at D° 


6,8,10,15, 20,25, 30, 35,40, 45,50, 55,60, 
70, 80, 90, 100,110,120, 130, 140. 


Remember: The name of tac instrument 15 
its width at D° in hundredths of millimeter. 


D- Six colour codings, Figure 12, white, yellow, 


red, blug, vreen, plack are used sequentially 
o1 the handle of for easier identification of 
Sequence of size. 


Colour coding begins with white { #15},and 
(hen vellow (#20), red (#25), blue (430), 
perzen (#45 | and slack (#40). 


Colour coding is repeated up to instrument 
size 140, such that no. 15 and no. 45 and 
no.90 are all white. 
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In addition ro. 61s pink, r.n. #13 eray and no. 10 


is purple. 


Color code 


———___| Diameter 
pee — 


(Size) 


(mm) 


Incremental increase 0.05 
mm (60 micron) 


| | 
i 
T 
1 
E 
= =i z r 
| | | 
ee 





25 30 35 


4i 
45 50 55 60 70 80 


9) 100 110 120 130 140 





q, 12, Sizing and Inzremenlal increase tn instrument size 


and colour coding 


The taper of the instrument (increase in 
diameter/mm along its working length), 


Fiel3 © 


The taper (flare) of the instrument is the 
same regardless of the size of the instrument. 
Standard taper allows casier placement of 
struments in small or curved canals 


A standard ISO taper is set al 0.02 mm per 
mm (24%). At tne coronal-most part of the 
working flutes, the instrument is 0.32 mm 
thicker than at D°. This is calculated by 
muluplying 1G mm (length of cutting flutes) 
by 002 mm =0.32 mm. 


Example: Instrument #15 with 0.02 taper would 
have 0.17 mm diameter after | mm from tip, 


0.1 


9mm diameter 2 mm from tip and 0.21 mm 


dhameter frem 3mm from up. 


‘At the end of 16 mm working part, it has a 
diameter= D° + 0.32-0.15+ 0.32=0.47mm 
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3. Newer imstrumcnts made from nickcl- 
titanium may exhibit other tapers in addition 
to 2% taper as 4%, 6%, 8%, 12%. Tris 
means that for every gain in length of the 
cutting clade the diameter increase 2y 004, 
0.06,0.08,0.12 mm, respectively. 


F. The tip angle, Figure L3, is standardized 
to be 75° + 15°. This design provides cutting 
eMicieney without an excessively sharp 
transition angle. 


han Da t hanm 
(Uh 3mm =L w a) 





Fig. 13. Instrument taper and tip angle Similar taper exists 
‘Nn Standardized gutta percha cones. 





G. Quality control (Tolerance) 


An instrument is still accepted if it is within 
+ 0.0? mum of the standard at DF. Therefore, 
a size 30 ideally is 0. mm at DY but may 
ne as small as 0.28 or as wide as 0.32 mm. 
Accordingly, the diameter of two instruments 
wit the same number may vary as much as 


004 mm. 


The filling material (gutta-percha cone) 
should be 0.009 om (9 microns) less than the 
corresponding instrament number. 


The eutla-perena cone tolerance should be 
+0.04 mm of the standard. 





STAINLESS STEEL INSTRUMENTS WITH 
MODIFIED DESIGN 


l- REASONS FORK INSTRUMENT DE- 
SIGN MODIFICATION 
Hybrid or modified instruments were 


developed to suit the preparation of curved canals 
withont the procedural errors such as change of 
the canal path (Ledge, zipped preparation. or 
apical perforation) or lateral strip perforation or 
instrument creakagce. 





Figure 1d 


Treating teeth with severe curvatures 
require flexible instrument. Small stainless 
steel files # 10, 15, 20 have narrow diameters 
and have sofficient flexibility. They are able to 
traverse the curve with minimal difficulty with 
virtually no alferation in canal shape. However, 
shaping curved canals to only the small flexible 
instruments may not allow sufficient cleaning, 
and cause Inadequate obturation. 


As larger (#30, 35, 40), files are used, the 
inherent stiffness of toese files enhance cutting 
dentin on the concave side of curvature, result 
Inv in camel trensporteiion. Eacn successive 
larger file opens up away from the curve ncar the 
tip. This irregular opening of the apical curve is 
called zipping of the canal. Preparation is not 
narrowest af the tip of the canal but rather sev 
eral millimeters [rom the tip. The new narrow- 
est part of tic canal 1s called the elbow. A zip 1s 
wider than the elbow. 


N.B. Transpertatioi 1s the excessive loss of 
dentin from the outer wall of a curved canal in 
the apical segment. This procedural error can 
progress to perforation of the root canal. 


B. Alteration of the shape of canal curvature 
due to instruments with active culling tip 





The instrument Op has two functions: to 
enlarge the canal and to guide the file to penctrate 
through the canal. Original K type tile had a tip 
that resembled a pyramid. It was capable of 
lateral and apical cutting. Ifa file with a cutting 
tip is allowed to work too long in one position of 
a curved canal. 


TECHNICAL & CLINICAL ENCODZNTICS 


Stainless-s‘ecl files nave an inherent stiffness 
that increases as the instrument size increases. 
When preparing a curved canal, the stainless 
steel metallic memory forces it to retum to its 
straight position, especially when the operator 
uses a filing moton The energy stored by 
hending an instrument ercates restoring forces. 
These forces are concentrated at the cutting 
tip, (hereby culling (he outer denun wall. Both 
Instrument Aexibility and design of cutting tip 
determine the transportation capability. 


C., Strip perforation due to excessive and miss 


directed coronal flaring Figure 14: 


In Mandibular molars, concavities exist on 
the distal side of the mesial root and mesial 
side of distal root. Excessive or misdirected 
flaring towards these dangerous concayities can 
lead to lateral strip perforation. This can be 
avoided be either by modifyme the instrument 
or the technique of preparation. Thus avoiding 
exuessive Preparalion on Lae bifurcation side of 
these root canals. 


Curved canals 


Force 


| | 





Strip perforation 


Fiz. 14 Restoring forces of stiff stainless steel instruments 
can cause canal transportation in curved canals 
and sirip perforation 





t. 


Increase Jexibility, 


Increase cutting cffheiency, 


Increase strength and thus avoid instrument 
separation. 


Decrease procedural errors, strip perfora- 
lion, canal transportation: zipping ledge, 
perforation 


Decrease number of instruments needed 
duning canal preparation. 


HYBRID OR MODIFIED INSTRU- 
MENTS’ DESIGN INCLUDES 
A- Changing geometric dimensions and 
desinns: 
1. Changing cross-sectional geometry 


HW. Changes in the depth or angle of the 
cutting edges of tne Hutes 


Variation in the design of the tip 
iv. Vartation in taper of instrument 


B- Variation in the method of construction 
(machining versus twislimy), 

C- Using constant 7% change in dimension at 
D° rather than the linear mm changes 


D- Developing intermediated sizcs 


E- Developing apical preparation 


ISL TUMIETULS 


[ype 


F- Variation in the material of construction 


Changing geometric dimensions and 


desions: 


Changing the cross-sectional geometry 


Changing the cross-section of K ype 
instrament from square io rhomboid . 





Kerr Manufacturing Company developed 
K-Plex file, Pig (15), from a diamond 
shaped stainless steel blank, The Autes were 
produced by twisting to produce the cutting 
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edges as the k File. This rhomboid shape 
decreased the cross-sectional diameter 
(compared to the square cross section of K 
file) and enhanced flexibility. 


In the lateral view between every other 
edge there is a high true cutting edge formed 
nv the acute angles of the rhomboid shape and 
alternate low Jute fomued by the obluse anule 
of the diamond. The working angles tat cut 
dentin were approximately 80°, being sharper 
than the 90° angles of the K files. This enhances 
their cutting ability even though only ‘wo cutting 
angles were presen), 


The obtuse angles of the rhomboid shape 
provided increased clearance space between 
the working edges, so more debris would be 
removed by outward stroke, This reduced the. 
possibility of compacting dentinal Alnes in the 
canal, 


Diamond 


C'ross section 











K Flex file 


Fig. 15. K Plex file; lateral and C.S views 


b- Changing the cross section of K type 
lastrignent from square to triangle Fig (16) 


Flex-O-file, instrument utilized a triangular 
glanuk, as used Cor reamuer, with flutes twisted 
more tightly to give more cutting edges, sul 
maintaining the same narrow cross-sectional 
diameter for increased flexibility. 












‘Trian gular | 


A 


Flex O file 


Cross section 





Fiz. 6 Flex Ò file, lateral aud CoS. views 


c- O file cross seciionat configuration: 


The U shape design is recommended in 
NiTi instruments used in rotary motion such as: 
canal master U, Light speed, Profile series, and 
Protilc GT, Fig (17). 


The radial lands provide the following 
functions: (1) They keep the mstrument centered 
in the canal, thus reduce transportation. (2) They 
reduce the tendency of instrument to serew in. 
(3) They support tne cutting edge and reduce 
tuicrocracks propagation. {4 To reduce [riction; 
some. of the land area may be reduced (relet) as 
in rotary Nii Quantic instruments. The U shaped 
clearance space helps in loading cut debris. 


h Radial Lang 


U shape 
C'ross section 


| Canal 
Master U 


Fia.|¥. Canal master with U shape desian 


d- S shaped cross sectioaal configuration, 


Fig. (18) 





UniFile and 5 file possess S-Shaped cross 
section. They are modification of the H type file. 
The $ file displays a double helix yround into 
tue shalt. This doubles the number of cutting 
edges. The flutes are less deep than those of 
H files, leaving greater bulk in the core shaft. 
The wide cross-sectional diameter increased 
strength but decreased flexibility compared to 
H file. 


The helical angles of the flutes may remain 
uniform througn the length of the instrument. 
However, continuously variable helical angle 
is also available. This variation reduces chances 
ol the instrument to thread iiself (screw) into 
dentin and then fracture on removal, Depia of 
flutes increases [rom tip to handle providing 
increasing clearance space. Sharp edees allow 
efficient cutting with withdrawal stroke. ‘he 
shehtly decreased nelical angle (relative to H 
file) allows cutting by reaming as well (bnt not 
more than 1/4 turn). 


S file & 
Unifile 





hic lS. H Ale versus $ and Unihle 


i- Changes in the depth or angle of the cutting 





cdges of the futes: 


a- Safety H: The H file was modified. by 
providing it with non cutting side. to prevent 
stripping im curved canals, Fig. 19. 





a, 
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afety Hedstrom | 
(non cutting side 


Avoid Strip 
perforation 





Pes H file ae safely H fle 


b- UniFile and $ file possess as mentioned 
before either uniform helical angles of the 
flutes or Continuously variable helical 
angle to reduces the chances of screwing 
into dentin. The flutes are less deen ‘han 


those of H files to merease strength. 


ce AF ile, Fig (20), is a modified H file operated 
with automated Canal finding system [a 
contra angle that delivers both vertical and 
clockwise-anticlockwise motions). It has 
the following features: 


(L 


Te 


Steep depth of flutes, 40° helical angle of 
cutting blades, which cuts more efficiently 
than standard 6D” or 70° helical angle of 
H file. When toserted m a curved canal, 
the steep blades on the inner concave wall 
enllapse, and thus lose much of their ecuttme 
acility (avoiding canal lateral stripping). 
The blades on the external convex wall open 
up and can cut dentin, This 18 especially 
useful in preparing curved mesial canals of 
lower molars where tne distal concave wall 
is often stripped. 


(2) A non cutting tip on the mstrument also 
ensures ‘hat instrument tip will follow canal 


path without causing transportation. 


— 
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A File in curved 
canal 


| Blades on 
| inner concave 
| wall collapse 


P 


Bladeson outer 
conrex wall open | 
up & cut dentin 





Fig. 20. A File is a modified H Ale operalcs with sulomated 
Canal foding system. It is designed to avoid 
lateral suippiug & apical lrauspoilalion, 


iii- Variation in the desi 
zipping), Figure 21 

a- Flex R file is a modified instrument with 
rounded non-cutting tip it was designed hy 
Dr Roane. The activecutting transition angle 
from the ip was reduced. Thus a compound 
angle {70° of the initial tip and a guiding 
collar angle of 35°) was formed. It is claimed 
lhal lhis causes the file to remain centered 
and cuts all circumference evenly. The file 
is guided through curvatures with less risk 
of gouging of the extemal wall and with 
reduced transportation. 


The fluted edges of flex R file are milled 
(ground) rather than twisted. This process 
allows control of instrument flexibility and 
cutting efficiency. 


m of the tip [minimizes 








Fig. 21. Flex R file with modified tip design 
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b- Canal Masler U, Ligtt speed NiTi rotary 
Instruments have similar modification where 
apilottip as nosed. A non cutting tip oF about 
1.5 mm is present, followed by several mm 


of cutting edges and then a narrower smooth 
shall, Fig.(22). 





Fig. 2?. Light speed NiTi rotary instrament 


iv- Variation in taper of instrument, Figure (23) 
Early faring of the coronal porton of the 

preparation before completion of the apical por- 

tion can be performed by using Non [SO taper. 


Preparation goes from coronal porion with 
large tapers, down through smaller taper near 
the apex. This is the principle of crown down 
preparation approach which can be applied 
with most rotary NF mstroments to be operated 
with low specd high torguc rotary handpiece. 
However, very large tapers or misdirected 
(towards the bifureation side) can cause strip 
perforation. 





Fig. 23. Different tapers may ald in removing the cervical 
trianele and prepare the canal in a crown down 
Approach 
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B- Variation in the method of construction 
(machining versus twisting), Fig 24 


Using modem computer assisted grinding 
(milling) technology; tt has been possible to 
grind trom blank, stainless steel Jles similar 
In shape to twisted k files. These can be made 
with much sharper blades to enhance cutting 
qualities and with deeper spaces to allow the 
transpor! of more denun shavings. 


Milled stainless steel instrument i$ more 
flexible than a twisted one of same size and 
shape because the instrument shaft is not work 
hardened by twisting. 


However, the sharp blade of milled stainless 
stec] k files causes screwing in rout canal and 
breakage on removal. 


Milled K type and H type instruments are 
also available in NiTi Alloy, bot machining 
defects and rolling over may appear at the culding 
Edges. 


Instruments manufactured by twisting 
meclude: Stainless Stee] K file, K Reamer, K lex 
file, K flex Ü. 


Nickel Titanium TF (Twisted file). 


Instruments manufactured by machine 
grinding: Stainless Steel H file, S file, Unifile, 
Safety H, Flex R. All NiTi instruments (except 
FF file). 


Anti clock wise twisting 


KMuchine grinding 





hEachining 





iA A 
Eheak ik (ype reanmier 





H File 





Fig. 24 Manufacturing of reamer by anticlockwise twisting 
and of H file by grinding. 
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C- Usin 


D° rather than the linear mm change 


constant % change in dimension at 





Dr Schilder designed a constanti percent 
change (29.1%) at D° between successive file 
size rather than linear mm dimension change 


of the ISO standards. 


In the ISO system, the dimensional increase 
from one instrument to the next when measured at 
LY is 002 mm (from #6 to #10), 0.05 mm (from 
#10 to #60), and 1.0 mm (from #50 to #140). 


Dr Schilder, showed that if D° of the [SO # 
LO was compared to the next # 15 it represented 
large % Change (5/10 x 100=509%), and if the 
ISO 4 15 was compared to 4 20 it represented 
another % change (5/15 x100=33%). 


He claimed that the 29 series with constant 
percent change (29.19%) was clinically better 
because first it spanned the range from # f to # 
[30 with totally fewer instruments: included |3 
instruments (numbered DO, D, 1 to 11) instead of 
2] instruments in the [ISO system, Second more 
small instruments were available and tew large 
ones, Fig. (25). 





However, the technique proved to be im- 
practical in these small curved canals because 
there was ma‘or incremental increase where mi- 
nor ones were needed. Size 4, corresponds tu 
Dimm, and # 3 enrresponds to 0.2/mm, tol- 
lowed by # 6 which corresponds to 0.36 mm, 
Fig. (25), Nowadays, only Profile 0.04 Taper 
series 29 rotary instruments incorporated this 
system due to the drawbacks mentioned. 


= 
=. 
| + 
f 





Fip. 25, Frofle Series 29; more instrument at the beginning 
& few atthe end.{13 instruments] 
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ROOT CANAL INSTRUMENTS 


D- Developing intermediate sizes 


Intermediate sized instruments are useful 
when treating small curved canals. Golden 
Medium are files manufactured wilh inlermediale 
sizes in between normally manufactured ISO 
ones. They are manufactured according to ISO 
standardization, The files are available in sizes 
12,17, 22,27, 352,57, Fig. 26 


According to Dr Wein, intermediate sizes 
can be custom made by clipping definile lengths 
from file tip: clipping | mm from size 15 (taper 
2%), will result in size 17, further clipping of I 
mm will result in size 19. After clipping, re-bevel 
the instrument tip using diamond edge nail file. 





Fie, 26, Golden Medium files 


E- Developing apical preparation typ 


instruments 


It has been shown that transportation occurs 
daring preparation because of the variability 
of cutting of dentin at the tip compared to the 
entire 16 mm cutting surface. The net result is 
lendeney of devialion from original canal palh; 
ledging and pertnratinn. Instriment separation 
can also cecur due to torsional loading with large 
frictional contact, 


Canal Master System, Fig. (27), having 
instrument with reduced cutting head and 
pilot (non-cutting tip) was thus developed for 
preparation of curved canals. 


The instrument has: First a non-cutting 
pilot tip to linit transportation and guide the 
instrument through the canal. Second the cntting 
head is reduced from the standard 16 mm to 





1-2 num for maximal control of apical culuing, 
Third the diameter of the instruments smooth 
round shaft is constant and is small to increase 
flexibility. 


Original canal master was of stainless steel 
and was based on the K file design. Afterwards 
the blades became of the U shape design which 
is recommended for rotary motion. The Similar 
NiTi Rotary version developed 1s called Light 
speed. 


C'i kitki barsel 
em! Ampe Sed g 
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Light Speed (rotory METI) 


Fig. 27. Canal Master U (Lateral view) and rotary MiTi 
Licht speed instrument 


F-Yariation in (he material of construction 


Different materials are being used to suit the 
ditterent functions that must be performed by 
root canal enlarging instruments. 


i- Smafi-stzed carbon steel instriments for 
imitat penetration of a narrow canal. 


Calcifed narrow canals are often lined by 
sclerotic dentin deposits that make the wall very 
irregular. Pathfinder and C+ files, Fig(28). 
were developed to negotiate highly calcified 
constricted canals. It resembles a fle but with 
narrower taper to uniformly distribute the axial 
stresses along the instrument shaft, thus reducing 
the tendency to bend at the tip. They are available 
in small sizes and made of carbon steel that 
is reported to produce greater sharpness and 
strength for penetration. Flexible instruments 
are poor in penetrating the tip of narrow canal 
because it may bend on itself (buckle) jost like a 
wel noodle. 


C+FILES 


— 
Da dl sdt a el ed i Se 





Fig, 28. C+ fle developed to negotiate highly zalziñed 
constricled canals 


H- Flexible instruments must be used to 


maintain the shape of the curve: 


Flexible instruments are available, either by 
changing ihe design of the imsirument made of 
stain.css steel as previously tlustrated or by 
using a more flexible material such as ‘he Nickel 
Titanium alloy (NiT1). 


ENGINE DRIVEN NICKEL TITANIUM 
ENDODONTIC INSTRUMENTS 


[in the 1960s, William F. Buehler and 
colleagues developed Nitinol wire, an acronym 
for the elements fram which the material was 
composed, Ni for nickel, Ti for titanium and 
NOL from the Naval Ordnance Laboratory. It is 
more commonly referred to as nickel ti'aniam or 
Nitti. The alloy is equiatamic mixtures of nickel 
and titanium (56:44 by weight). NiTi files are 
two to three times more flexible in bending and 
torsion, and more resistant to torsional failure 
than stainless steel. 


Nil instruments have seperefasticey (rapid 
spring back upon deloading) and fica fexibitity 
(small force is required to deform material). 
‘Thus, they maintain the curved canals shape 
with less transportation compared to stainless 
steel files. 


When uscd by hand, these files do very 
minimal preparation for given period of 
time. NITi files are better used in special low 
speed torque contro! handpiece, to complete 
preparation in reasonable time. 


1- Metallurgy of nickel-titanium alloys 


Nifi can undergo solid phase transforma- 
tions betwecn three different crystalline struc- 
tures: austenite, martensite and R-phase. This 


an 
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phase transition can be induced in both direc- 
lions by applying temperature changes ur by rue- 
chanical loading, 


The austenitic, parent phase, is the high 
[temperature low stress phase (body-centred 
cubic lattice). The Martensitic, daughter phase, 
is the low-temperature high stress phase (closely 
packed hexagonal lattice). (Fig 29). R-phase 1s 
an intermediate paase between austenite and 
martensite 


Phase transitions are responsible for the 
unigne ability of Nickel-titaminm (NTF alloys 
to recover their original shape after undergoing 
large deformations (up to 8%) through heating, 
known as shape memory effect, or through 
removal of the load, known as superelastic effect. 


D 3) Vs Arr 
4 


Anusirnilr 
Izh Anpe vef pias, 
LE òY- aLe Ein Dal Eire) 


ari emsiie 
Law -Pennpersl hre Blase 
Lloras piaite azan LEAce:. 


Fig. 29 Crystalline structures of N iTi; austenite, martensite. 


Thermally-induced shape memory 
phenomenon: (Fig 30). 





Austcnitc phase is a high temperature 
phase. When Nitinol is cooled throuzh eritical 
transformation temperature range it changes 
to twinned martensite (dauchter phase}, The 
alloys can be mechaneally deformed m the 
low temperature martensitic phase to detwinned 
martensite. Detarmaton (un to 8%) can be 
rcverscd instantancously by heating above 
RSC 


The aloy “remembers” its original shape 
and returns to its pre-deformed austentic phase 
shape. ‘This termed 


phenomenon = ts shape 


memory. The transition temperature range of 
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Martensite to anstenite is in the range of —Al) 
tot DUC. “Fo set up a particular shape to he 
remembered (in austenitic phase), the alloy is 
Initially shaped and annealed by heating at high 
temperature (500°C). 





Twinned Maltensite 





Be- TwlinedMartensile 


Fig. 30. Diagrammatic representation of the thermal shape 
memory effect of NiTi alloy. Shape memory 
recoverable strain is upto 84, 


Stress-induced Martensitic transformation 
(superelasticity):(113. 31). 

å reversible transition from the austensitic 
to martensitic phase occurs as a result of the 
application of stress, such as during root canal 
preparation. 


fn fhe stress siran curve, Figure 32, The 
application of stress does not result in the usual 
sleep prupuruvnal strain. As the applicauon of 
stress reaches a specific evel, a stress-induced 
marlensilic = iranslurmiation CAUSE 
loading plateau, up to 8-10% strain. The rate 
uf increase in stress leves oll (paleau); due 
to progressive deformation, This results in the 
so-called super-elasticity. When ‘he load is 
removed, spring back occurs to the previous 
shape with the reverse transformation from 
martensite to austenite Super e.asticity of NiTi 
allows deformations of 8-10% strain to be fully 
recoverable (vs. 190 in stainless steel). If 3-10% 
strain is exceeded, the alloy will not revert to the 
original shape even when heated. Eventually, 
application of more stress results in more strain, 


up to breakage, 


UCCUTS, 





Bustenite De-Twinne d iadensite 





Fig. 31. Diagrammatic representation of the super-elasticity 
effect of NiTi alloy. Super-elaslic recoverable 
sirain is upton 10%. 
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Fie. 32 Stress Strain curve of NiTi alloy showing the 
superelastic plalean region. Alress application 
POE AU SLEEP eo SIL beast ormatign and 
releaseof stress induces the marlenstic austenitic 
transformation. The R phase is an intermediate 
phate. Deformations involving as much as $ 104% 
strain is recovered 


Remember: NiTi has two unique 
characteristics namely: Superelasticity is regain 
of original shape dye to the reversible stress 
-induced austenitic to martensitic transformation. 
Shape memory is the regain of original shape 
due to the thermally induced martensitic to 
austenitic transformation. 


2- Construction of NiTi instruments: 


Super-elasticity of austentic Nifi means 
that it cannot maintain a spira.. Attempts to 
twist instruments would result in instrument 
fracture. Thus austenitic Nifi files are basically 
ground into different designs: H style, U 
shapes in different sizes and tapers. With the 
ability to machine flutes, many new designs 
are available with variation of tip, taper, cross 


section, helical angle, pitch. Different designs 


affect instromentation effectiveness and file 


susceptibility to breakage. Figure 33 


Rača 
{Triangle} 


Pro Taper, 
Flexmaster 
(Convex Triangle 


rofile & G 
(U shape) 


) erc shap 
(Asymmetric) (Foubla Halix} {Triples Halix} 





Piz, 33. Rotary NiTi files with different cross sectional 
shapes, core diameter, rake angles. 


Variation indesicnsof rotary NiTiinstruments 
Figures 34-36: 


These includes 


l. Taper: amount of fle diameter increase each 
mm along its working part from tip to handle. 
Different tapers are available. Determining 
the cross sectional diameter in the point of 
curvature can help to estimate the relative 
stress being placed on the instrument. 


2. The helix angle: the angle between the 
cutting cdge (bladc) and the long axis of 
the file. Variable helical angle decreases 
screwing effect. 


3. The cutting edge (blade) of the file: its 
effectiveness depends on the angle and 
incidence and sharpness. 


4. Flutes are grooves on the working part. 
Each extends from cutting edge to cutting 
edae [ts width and depth determines the 
amount of collected dentin chips that is 
removed from canal wall, 


5. The pitch: The distance between a point on 
lhe leading edge and a currespundinz point 
on the adjacent edgc. The shorter the pitch, 
the more spirals, the greater the helix angle. 
Having variable pitch decreases the screwing 
effect. 


6. The marginal radial land: a surface 
projecting from the central axis as far as 
the cutting edge between the grooves. The 
land touches canal walls at the fle periphery 
and reduces the tendency screwing into 
the canal, reduces transportation, reduces 
the propagation, of microcrakes on its 


circumference, supports the cutting cdge. 


7. The relief; To reduce the frictional resistance, 
some of the surface area of the land that 
rotates against the canal wall may be reduced 
ta form a relief, 


8. [f the file is sectioned perpendicular to the 
long axis, the rake angle ts the angle formed 
by the blade and the radius of the file. 
Positive or cutting rake angle: if the angle 
hetween the blade and the surface to be cut ts 
obtuse. Negative or scraping rake angle: if 
the angle hetween the hlade and the surface 
to be cut 1s acute. 


N.B. However a drawback of the machining 
NiTi rotary instruments from starting wire 
blanks are rollover at the edzes and variety 
of surface defects: machining grooves, 
microcraks, surface debris. Surface cracks 
increase the stress concentration, with the 
possibility of crack initiation and propagation 
and ultimately instrament fracture. Figure 37, 


Pa ie 





Fip. 44. Ditlerent tapers are available for colary iTi. Pile 
size on Ue point af curvature estiriates relative 
stress there. 
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Radial 
Land 


Helical 
Angle 








Fig, 35, lateral aspect af NIT instrument showing Helical 
angle, cutting edes ‘bladej, Aute, Pitch radial 
land, and relict 
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Fig 36. Different rake angles produces different cultine 
processes ol dentin. Section perpendicular to long 
axis is Cake angle, Or perpcndicular to blade is 
effective rake angle. 





Crack Propagate 
along Grain botmdary 





Fig. 37. Defects of NIT i instrument Cian machining process 
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3- Modes of Fracture of rotary NiTi instruments 


Though highly flexible ard having better ability to 
maintain the caral shape, a disadvantage of NiTi 
alloy is that it is more suscepuble to fracture. 


Two main distinct modes of fracture cxist, 


Figure 38 


i. Torsional failure: ‘Torsional fracture oecurs, 
wher the tip of the rotating instrument birds in 
the canal while the motor continues to rotate. 
Torsional fracture occurs when the ullirnale 
strength of the material :s exceeded. Taper lock 
occurs when the shape of the tapered root caral 
becomes similar to the instrument in use, The 
Instrument may be lucked and the up fracture, 
Larger taper cad sizes have greater torsional 
strength. Working with the instrument in a 
suitably ad‘usted torque of the low speed torque 
controlled motors, can reduce torsional failure. 


B. Flexural cyclic fatigue Failure: continuous 
rotation in a curved canal subject the instrument 
to metal fatigue due to repeated loading 
with tensile loading or the outer corve and 
compression on the inner curve. Larger taper 
and sizes have shorier fatigue life especially 
waen rotated in sharp curves. and for a long 
ime, Each instroment has a fatigoe life span 
with approximate number of cycles to produce 
failure. Hence using the lower speed (revolution 
per min rpm) advised by the manulacturer, car 
reduce the incidence of fatigue failure. This 
accurs ductatheexters:on of thetime needed to 


reach the number of cycles to fracture. 





C. ‘Torsional fatigue Failure also occurs when 
the instrument 15 repeatidly bound and released 
by canal irregularities below its torsiona. 
sirenplh, As when the clinician is using high 
pressure and the motor is repeatedly performing 
anlorcversc. 


N.B. Total fatigue life consists of 3 stages: 
(F) crack fittratien, aad growth along erat 
boundaries followed by (2) crack propagation, 
nati (3) the crack reaches the point where iñe 
remaining material is oversiressed overload 
zone results. Phe overload zone reveals a dinpie 
rupture. 


TECHNIK AL & OLINOCAL ENDO SORTS 
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Repeated cycles of Singlecontinwous 
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(Free sotatilan) Stresser Strength 





Torsional failure 
{Taper Lock) 








Discard 
aferu 
ramals 


Fip. 38. Flexural cyclic fatigue can occur Trom continuous 
rotation in a curved canal Torsional failure can 
resul trom locked instrument. 


4- Potential factors influencing fracture include: 
A- Manufacturing strategies, 
B- Clinician handling, 
C- Reol canal analoty (posilion & degree 
of curvature). 
ÀA- Manufacturing strategies to 


clinical performance of NiITi rotary 
instruments include: 


improve 





i- Changing design 

ii- Surface treatment 

iii- Changing manufacturing procedure 
iv- Thermo mechanical treatment 

v- Different kinematics (file motion) 

vi- Single File systems 


vii- Glide path NiTi rotary files 


i- Changing desivn 
* Apical cuttmeg head: light speed and light 
speed LSX tustruments 
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* Rotary instruments with incrcased taper 
4%, 69 as profile. GT and GFX, HERO 


instruments 

* Kotary instruments with specific designs 
as Protaper (progressive taper), 

© RaCe and Bio RaCe (spiraled & non spiraled 
segments and electropolished with different 
taperes), 

« K3 (asymmetric cross section with different 
taperes, positive rake, radial land and relief), 


* [Endesequence (altematmg wal! contact 
points and electroplished with ditterent 


tapers). 
* Revo, Prolaper next, One Shape: 
Asymmetric design with swaggering 


motion. Fhe center of rotation is offset. In 
rotation, the files produce a mechanical 
wave of mation that travels along the active 
lenzth of the fle. This snake like movement 
allows better debris evacuation, less stress 
on instrument, flexible negotiate the canal. 


ii- Surface treatment 


Aiming to eliminate surface defects and 
machine stations, produce harder surface 
aud mmiprove lhe resislauce lo cycle Laligue 
and miprove cutting efficiency of endodontic 
instruments. Strategies include: electropo.ishing, 
and ion implantation with titanium nitride. 
example: RaCe, Endosequence. Figure 39. 


Electroplated or 
electropolished 


Machine Striations 
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Tig 39 Electroplated MiTi instrument to create a smooth 
surlace clevonbol (he machinga sirialinrtis 


raocedure 


manufacturin 





The TF (Twisted file) was imroduced in 
2008. It is a Niki rotary fice manufactured 
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using a twisting method fof R phase), rather 
(han machining. Ti is Labreated by 2-slep 
transformation; initially transforming austenite 
NiTi wire into the R-phase through a thermal 
process. Once the R-phase ts identifed, wire ti 
this siate can be teersied. Alleradditvional thermal 
procedures to maintain its new shape, the 
Instrument 18 converted back tte the austeite 
phase, which ts superelastic ence stressed, This 
file is reported tv have better flexibility and 
fatigue resistance. 


Electrical discharge machining (EDM): The 
shape of the file is Cored by eleetrie spark 
erosion oF a wire. EDM manufacturing alters the 
molecular structure on the file’s surface. Spark 
erosion gives better hardened surface with better 
flexibility and fatigue resistance. E.g, CM wire 
of f[lyfex EDM 


iy- Thermo mechanical treatment of NiTi 


present In 
temperature. 


Conventional NiTi alloy i 
the austenite phase at room 
Thermamechanical treatment of NiD alloy 
allows different proportions of stable martensite 
and R-phase to be dismibuted throughout the 
austenitic matrix, at room temperature. This 
renders the alloy more flexible and morc resistant 
to Fatigue failure. Several thermomechanically 
treated NiTi alloys include: AM-wire (e.g 
protaper next, Wave One, R-phase (e.g. K3XF) 
and CM wire (controlled memory, e.g. Hyflex, 
Hyflex EDM). Significant increase in fatigue 
resistance 15 as follows: CM technology > M 
wire > convenuunal NrT1, 

Thermal treatment causes increased Mar- 
lensile lu auslenile lrans ormalion lemperalures, 
thus allow stable martensiteto exist at room ten- 
perature. The austenite transformation tempera- 
ture of CM Wire is 55 C, M Wire is 50°C, TF is 
17°C, and conventional SE NiTi wire is16-3 F'G. 


The mechanical behavior of Nitri alloy 
is determined by the relative proportions and 
characteristics of various phases. Austenite 
is quite strong, hard. It is less flexible than 
martensite, but superelastic allowing upto 8-10% 


recoverable elastic deformation. Unfortunately, 
lo has low [altgue resistance While in the 
martensitic phase, Nifi alloy is very flexible, 
soft and ductile. It can easily be deformed, pre- 
curved to negotiate curved canals or bypass 
ledges. Martensit files have siumiicam! increase 
In fatigue resistance and have extended lifespan. 
Modulus of elasticity of the martensitic phase 
(50 GPa) is less than the austentic phase (120 
GPa). The R-phase shows superelasticily and 
shape memory effects; its elastic modulus 1s 
lower than that of austenite. 


Ad-Wire (introduced in 2007) has nano- 
crystalline martensite grains evenly distributed 
inside austenite matri x, 


CM -wire (introduced in 2010) is a mixture 
of martensite, R-phase, and a small amount of 
austenite, It is extremely flexible and memory 
of its shape can be controlled. It can maintain 
a precorved shape without rebdouding to its 
original shape 1.c docs not exhibit conventional! 
NiTi superelastic properties during the loading’ 
Unloading. Yet they recover their shape on 
heating above the transformation temperatures. 
This 1s because heating transforms the metal 
temporarily into austenitic phase and makes tt 
superelastic, and capable to regain its original 
shape before cooling down again. 


4 hybrid (austenite-plus-marrensite) micro- 
siruciure, exhibit [avurable faligue resistance 
compared with a Fully austenitic microstructure 
because of the increased number of interfaces, 
These cause the formation of secondary cracks, 
which can dissipate the energy required f or crack 
propagation In addition, the presence of these 
martensitic structures causc hardening of the 
heat treated alloys, so that torsional resistance 
of endodontie instruments made of M wire and 
CM is not compromised. 


Gold proeess is a post-manufacturing 
procedure in which ground NiTi files are heat 
treated and slowly cooled. Transformation 
temperatures of austenite phase are modified 
giving a gold finish; with intensify fatigue 
sirenplh & [lexibility, eg Prolaper God, Wave 
One Gold. 


Bine thermo mechanical treatment 
optimizes flexibility and fatigue resistance; e.g 
Vortex Blue and reciproc blue. The blus-color 
is due to hard titanium oxide surface layer on 
(he Vortex Blue surface durmg manufacturing 
process. 


R-phase technology: thermal treatment 
to NiTi files after grinding austentic phase; 
producing instrument of R phase. This improves 
flexibility and resistance lo cyclic Patizue. 
Example: R phase K3XF with the vasic features 
of austenitic K? > Numerous small micropores 
exist on fhe surface of K3XF. Phese porcs do 
not contribute to the failure, hut serve asa local 
stress/strain discontinuity from which crack 
nucleates. 


XP endo finisher files: Max Wire 
(Martensite Austenite electropolish flex).. It 
is highly flexible. The files operate by shape- 
memory principle. [t is straight 12 Martensitic 
phase at r.t. When inserted in the canal, and 
heated to body temperature, it changes its shape 
due to its molecular memory to the curved 
austenitic phase. The austenitic phase shape in 
the rotation mode expands and allows the and 
remove debris from those hard-to-reach areas 
(oval canals). [igure 40 
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v- Different kinematics (file motion) 


Most commercially available files are 
mechanically driven in continuous rotation, 
However, oscillation, defined as equal repetitive 
back-and-forth motion. has been clinically 
utilized ta drive stainless-steel files since 1958. 
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Initially, Ales rotated in large equal angles of 90° 
clockwise (CW) and counterclockwise (CCW) 
rotation, Currently. the M4 (SybronEndo), Endo- 
Eze AET (Ultradent), areexamples of oscillation 
systems that utilize sinall, equal 30° angles of 
CW CCW rotation. 


Reciprocating nniegual CWICCW angles 
can enable a single reciprocating NiTi file to 
shape canals, WaveOne (Dentsply Tulsa Dental 
Specialties and Dentsply Mailleler and Reeiproc 
(YDW) are examples of reciprocating single- 
file shaping techniques. Both files are made 
out of M-wire. Strategically, Fatigue resistance 
is improved because after three CCW (150°) 
and CW (30°) cutting cycles, the file will have 
rotated 3607, or one complete circle. This novel 
reciprocating movement allows a file to progress 
more readily without the risk of a screwing 
effect, and cut efficiently. 


PF adaptive: lt uses the principle of rotary 
when vou want, reciprocating when you 
need, Elements Motor with Adaptive Motion 
Technology rotates clockwisc and when 
increasing load is met it adapts and reverses 
counter clockwise. It is used with TF äle. It can 
be utilized in brushing action for preparing oval 
canals., It reduces apical extrusion of debris as 
the CW angle is greater than CCW (370 vs 50), 


Self Adjusting file (SAF) 13 attached to a 
modificd Kavo handpiece used by in and ont 
Vibration, 5000/min. It 13 an instrument made 
as a hollow thin NiTi lattice cylinder that is 
compressed when inserted into the root canal 
and adapts to the canal crass section, even the 
oval shaped, Continuous irrigation is applied via 
a special hub on the side of its shank, 


vi- Single File systems 





These use only a single file fa shape the 
canal. However, more time 1s needed to Focus on 
irrigation, Examples include. 


l- Single file systems that use continuous 360° 
rutalion; with or without glide path 
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eg. One shape, FO SkyFaper (F6ST): 


(conventional NiTi, Grinding) 


Neolex: CM wire, EDM 


t= 


Single file reciprocating systems: Waye 
one, Reciproc (M wire) Waveone gold. 
Sendoline S| 


3- Single file Vibratory system: SAF 


vii- Glide path NiTi rotary files 

Scouting the root canals with small hand 
stainless steel les (410,15) before rotary Niti 
fles is beneficial ‘o reduce fatigue. NiTi for glide 
path management include: 


© Path file (#13, #16 and #19, 2%} 
e Scout Race (#10 ALS #20, 2%) 
-e G files (#12, #17,3%) 

e Pro. Glider (416, 2%) 

* Hyflex GPF (#10, 5%). 


B- Clinician handling: 
t. Adjust the specific speed (250-50) rpm) 
torque and auto reverse 


tt. Use instruments in a well irmgated and 
lubricated canal. 


ll, Fo avoid taper lock. use light pressure 
(450 s), advance in Eo mm increment —if 
additional pressure is needed change ‘o 
smaller size & taper or circumferentially file 
coronal to this position, 


Ww. Fo avoid fatigne failure: ose pecking mation 
once the working length is reached then 
immediately withdraw 


¥. Beyond the point of curvature in the apical 
zone, ‘he file diamcter should be no greater 
than 60mm fora 2% taper, 35mm for 4% 
taper, 50mm for 6% taper, and 35mm for 
8% laper, 


yL Clean flutes and check for signs of distortion 
or wear. 


vil. Follow manutacturer recommendation of 
tho maximum number of usage oat approx 
9 canals or less if it was overly stressed in 
severely curved canal, 


Revicw canal anatomy and use the in- 
struments cautiously in acute bends, 


Vii. 


MOTORS USED IN ENDODONTICS 


l- GEAR REDUCTION, TORQUE 
CONTROL MOTORS FOR ROTARY 
NITI INSTRUMENTS. 


Most NiTi rotary instrumenfs operate at 
very low speed 300-300rpm. (Light speed NITI 
instrument uperale al 1200 rpm) 





Electric motors with adjustable gear 


reduction are more suitable for rotary NITi 
systems than their aur hand pieces counterparts 
as they ensure a constant rpm .evel, Figure 41, 
It is worth noting that regular low speed motors 
operate at 20,000 to 40 O00 rpm. 





Fig. 4] Electrical and air driven gear reduction hand pisces 


2- ENGINE DRIVEN RECIPROCATING 
MOTORS AND INSTRUMENTS Figure 42 


The Girometic handpiece delivers 3000 1/4 turn 
reciprocating movement/min. This motion 1s 
claimed to decrease the torsional .oad on the in- 
strument compared with full rotation handpiece. 
K-(ype and H-iype instruruents can be used. 


Oscillating handpteces for file systems 
eg SafeSider and Endo-EZE as well as the 
reciproculing meters for Wave one and 
Reciproc, Adapfive mofors for FI’ adaptive 
are also a recently introduced modification far 
Giromatic handpiece principle. 


JÜ degree 
molhon 





Fig. 42 Oscillating handpiece: as Giromatic (eñ sida) and 
safe sider {right side) 


3- LOW SPEED ROTARY HANDPIECE 
AND INSTRUMENTS 


[In addition toregular burs, burs withextended 
shanks [ur low-speed contra-anygle are useful [ur 
providing visibility during decp preparation of 
ihe pulp chamber. Thus is parucularly uporan 
when using an operating microscope. 


Straight line access from canal orihee 
to the initial point of canal curvature can be 
accomplished by using rotary instruments as 
the Gates-Glidden (GG) Drills, Figure 43 
Fach instrument has a long, thin shatt with 
parallel walls and short cutting head. They are 
manutactured in a set and numbered | to 6 
(with corresponding head diameters of 0.3 to 
1.5 (or 0.4 to 2.4) with incremental increase of 
0.2 mm between each successive instrumenti. 
The number of rings on the shank identifies the 
specific drill size. They are available in 32-mm 
and 28-mm length for posterior teeth. 





Fig 43. Cates Gliddeu Dn ills 
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GG drills are side cutting instruments with 
safety tips, they are used to cut dentin as they 
are withdrawn from the canal. They are used 
In the straight poruon of the canal, serially and 
passively. 


Two procedural sequences have been 
proposed: {1} crown down sequence starting with 
large drills progressing to smaller ones, Figure 
44, (2) Step back techmgue and progressing tu 
smaller ones. 


GG crown down 





Fig. 44. Gates Glidden Drills used for Crown down approach 


Their cutting shonld be dirceted away 
from external root coneavities in single-roo‘ed 
and fureation teeth; to avoid coke bottle-like 
preparation or strip perforation. High revolution 
and excessive pressure may cause the instrumen: 
lo fracture. The culling head imay fracture under 
high torsional load. GG drills may besafely used 
with regular low speed motors, Figure 45, 





Fia, 45. Over preparation by Gales Gliklen chill caustiy 
Coke bottle: appeaaucs above), aud lateral strip 
perforation {below} 
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4- SONIC AND ULTRASONIC DEVICES 
AND INSTRUMENTS 


Ultrasonic and sonic devices activate an 
oscillating sinus wave-lke fashion tn the file 
with a frequency of 25-30 KHz and 2-3 KHz, 


respeclivel y. 


Ultrasonic devises use regular types of 
instruments (e.g. k-files), whereas sunw devices 
use special instruments as Rispi-sonic, shaper- 
sonic, Tria-sonic, Figure 46. 


Ultrasonic devices include magnetostrictive 
Cavi-Endo and The piezoelectric ENAC and 
PS Neutron Piezoelectric devices generate less 
heat and transfer more energy to the file, than 
aunelustricuve, making U mure powerlul. 


|Rispi Shaper 





Fig. 46. Sonic handpiece with three specially designed 
instruments 


Ultrasonic devices are not recommended for 
root canal preparation. They suffer the following 
disadvantages: l-Loss of dacule sense, 2-Canal 
Mockage, 4-Clanal Icdging, 4-Cana] perforation, 
5 Instrument breakage. However, ultrasonic 
devices do improve the ability to clean the pulp 
space and difficult to debride arcas through 
acoustic streaming. During free ultrasonic 
vibration in a fluid acoustic streaming creates 
smal] intense, circular Huid movements (1... 
eddy flow) around the instrument. The eddy 
occurs closer to the tip than in the coronal end of 
the file, with an apically directed flow at the tip. 
Acoustic streaming increases the cleaning effect 
of the irrigant in the pulp space. 


Free vibration of small files (415 or #20) 
or Blank (non cutting inserts) is necessary to 
avoid contact with canal walls during vibration. 
Depending on the size and power, the file tip 
may have amplitude that requires a canal size 
of at least #30 file through #40 file for free 
oscillation. As any contact with the root canal 
walls dampen the oscillation, Figure 47, 





Fig. 47 Passive Ultrasonic irrigation causes acoustic 
streaming which increases the cleaning effect of 
Ihe iripanl. 


New tips for peznoeleetrie ultrasonic units havc 
been effective during access cavity preparation 
in dentin removal in the pulp chamber and 
uncovering orifice of the canals, Figure 48. 





Fip. 48. Several ulltasoric lips used during access cavily 


preparation for uncovering dentin shelyzs 


covering canal orifices 
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Self Adjusting file (SAF) is an instrument made 
as a hollow thin NiTi faftice cyfitider that is 
compressed when inserted into the root canal and 
adapts to the canal cross section, even the eval 
shaped. It is attached to a vibrating handpiece. 
Continuous iogalion is applied a special hub on 


the side of its shank. Figure 49. 


Fi 


tear 


Frenk Frien gripy 


irrigation Bar 





Fig. 4), Self Adjusting File (SAF) 
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CHAPTER REVIEW Q LESTIONS 


List the basic sel of instruments appropriate for: Access prep, 2xploring root canal orilices, root 
canal prep, obturation. 


Explain the bazis Sor sizing and taper (slandardization) of size 35 k type hand operated instruments 


Describe the differences betwzen k rzamer,k fle, H Ale regarding: material of construction, manu- 
facturing procedure, longitudinal dzsizn (helical angle, Aate number, clearance space) cross sec- 
lion, tip conhguration, flexibility, cutting efficiency, mode of action, place oF action.. 


Describe visible changes of instruments and causes that predispose to breakage. 
List and differentiate betwzen conventional and files of alternative desien 
Analyze the difference between Stamless Stzel and Nickel Titanium mstuments 
Describe the action and usz of rotary instrument: in root canal preparation 


Describe innovalions tn MiTi instruments and mode of fracture 


ish sone reciprocaline aml virally msirunenis usedlin ron canal preparaiiin. 
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TECHNICAL & CLINICAL ENDODONTICS 


K 
BA ! Di ae rab 


Postgraduate students should be able to 





1. Jaderstand the concepts of design ng and modify ng instruments 
ard its elect or cleanirg anc shapirg procecures 

2. Stacy oe metal urgic ie il of al oys usec: lo manufacture 
andadontic instruments and how to alter thes? sroperties, 


4. Jtiliza and comsine their knowledge about pulp momhelogy, 
endodontie instruments ancl clean ng anu shaping procedure to 
crodcee the oest possib ec inical outcone . 

4. Criticize and evaluate the aewly nrodeced erdadontic instru- 
nents so as to clilze and perlorm on the best ard ideal way to 
croducing ideal canal preparatiors. 


5. Understand that simplifying the saaping srocecdures may have com- 
cromised cleaning sitcome that neede conpensation measures. 


After reading this chapter, a 
the student should be able to CI () i ika 


reef yle j 





oe objectives 


Mechanical oajactives 
Binlogical objectives 
Principles for radicular cavity preparation (G.V. Black) 
Limitations 
Root canal configurations 
Tooth fworking) length determination 
Pulp extirpation 
Rot canal irrigants 
Intracanal medication 
Intra-radicular preparation (cleaning and shaping) 
Basic instrumentation motions 
Instrument breakage 
Rotary instrumentation 
lechniques for instrumentation 
THE BASIC TECHNIKGLE, APICAL STOR (CIRCUMPERES [AL 
=| Ps 
STED-BACK TECHNIQUE (lelescap'c preparation} 
MODITICD STEP- BACK TICIIN QUC 
THF CROWN- DOWN TEC INDO = 
The step-down lechiice 
The balanced force techn gue 
Alternative techniques for cleaning and shaping 
Enging-driven instruments ulil zing rotational motion 
“nging-driven instruments utfizing vibrational motion: ‘Sonics 
& altrasorics) 
Guidelines for instrumentation of difficult canals 
Termination of canal preparation 
Procedural errors during cleaning and shaping 
Canal bloc<age 
Ledae formation 181 
Perforation 
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CÙEANING ARD SHAPING 


he ultimate endodontic 
treatment is to perform a threc- 
dimentional fluid tight seal to the 
prepared pulp space both coronally 


and apically, Upon the cormpletiun of the coronal 


apal m 


access cavity, iudaradicular cavily preparation 1s 
initiated, 

The root canal system must be cleaned and 
shaped, cleaned of organic and inorganic irritants 
and shaped to receive a three-cimensional her- 
metic filling. Debridement is the terminology re- 
erring to the cleaning of the imside of the necrut- 
Ic Tout canal system whereas extirpation refers 
to the cutting and removing of vital pulps. ‘The 
principle of debridement is simple;instruments 
should plane all the walls and loosen debris, ir- 
rigants then flush all the loosened and suspended 
debris from the canal space. The chemical action 
of the irrigant further dissalyes the organic rem 
nants and destroys microorganisms in what we 
call chenncomechanical preparation of the canal. 


Extirpation, on the other hand, requircs a 
specially-destzned instrument (barbed broach) 
that penetrates the pulp tissues,entangles the 
fibrous structure and removes it in toto, 


Treatment objectives 


For better understanding of the proper cleaning 
and shaping, we should first review our 
objectives. Herbert Schilder, introduced these 
objectives more than 25 years ago. 


Š 


(a) Mechanical objectives: 





1 Develop a continuously tapering coni 
cal form in the root canal preparation 
with the narrowest part apically and the wid- 
est part coronally. 


ra 


Preserve the natural curve,crass section and 
taper of the canal. 


3- Preservation of the apical Curamen (never 
transport the foramen). 


4- Creationofanapical stop (seat) which helps 
to confine the instruments and materials to 
the canal space and create a barrier against 


which gutta-nercha can be condensed. 


These mechanical design objectives are 
concemed during the shaping and enlargement 
of the canal system. however, other merits 
should be also fulfilled during canal preparation 
which are: 


(b) Biological objcetives: 

! Total removal of organic and inorganic 
debris in rout canal systems. 

2- Sterlization of the rout canal system. 

3- Do not harm the tooth or the periodontium. 
In order to standardize the procedures C1.V. 

Black has set certain principles and steps that 


are to be followed during cleaning and shaping 
of rootcanals: 


Principles for radicular cavit 


reparation 





(G.Y. Black) 


irrigation: of the access preparation to 
eliminate as much debris as possible before 
introducing the enlarging instruments 
inside the canal. This will minimize the 
number of microorganisms to be forced 
apically, and hence minimize postoperative 
pain, lubricate the canal for penetration by 
files and remove bloud,pus ur exudate so 
improves visibility and examination of the 
pulpal floor. 


* Resistance forme this is to be achieved by 
enlarging the apical terminus of the canal 
while preserving the apical constriction. 
Violating the apical constriction by over- 
Instrumentation leads to irritation of the 
periapical tissues by instruments and Alling 
materials. In addition, the absence of an 
apical stop due to violation of the apical 
constriction results in an inability to compact 
the roat canal filling material(like condensing 
amalgam in aclass H cavity without a matrix). 

* Refentioa form: this is achieved by 

enlarging the apical terminus of the canal 

while retaining its round cross-section 

This shape provides an intimate contact 

between the apical dentin walls and the 

gutta-percha master cone thus preventing 


future leakage in the canal space. Coronal to 


this area of retention, ne cavity walls are 
flared whereas the degree of flare depends 
on the filling techaique lo be used. Preparing 
the retention fonn is done by using files or 
TeAMers Ina reaming action (rotation). 


* Extension for prevention: this last principle 
reflects the necessity for extension of the 
preparation throughoul ihe enlire lengli 
and breadth lo ensure prevention of Cuture 
problems. This is performed by adjus:ing the 
proper working lengtn and planing all the 
canal walls circomferentially with hand or 
rotary tools. 


LIMITATIONS 


In tne past, we have been tainking vertically; 
many students were taught that the first concern 
in root canal preparation was “working length”. 
We unders:and now that the critical issueis three 
dimensionality. Pulp space is a very difficult 
environment to work. [ntracanal instruments 
(les) are designed to enlarge a straight, oniform, 
slightly tapered space, which is not the case in 
root canals. Also files loose tneir Aexibility by 
increasing tneir sizes and diameter meanwhile 
we have to widen root canals for cleaning and 
filling procedures. 


Knowledye of pulp space morphology 
sows that this space offers different levels 
of difficulty due to ts complex anatomy. This 
complex anatomy is reflected by: 


* Pulp spaces which are much wider in the 
bucco-lingual dimension than in mesio- 
distal dimension. 


* (lross-sectinns of root canals which are 
rarely round along the entire length of the 
canal but rather oval, ovoid, elleptical, 


kidney-shaped and C- snaped., 


® Root canals which exist in different types 
rellecsing the presence of extracanals as 
second canal in mandibolar incisors or 
econd mesiobuccal canal in maxillary 


molars liz. (t). 
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e Root canals migat also exnibit lateral or 
accessory canals along their entire lenath or 
in the furcation area. 


* All 


curvature, which might be in one plane, 
or curvatores at diftcrent planes. 


rool canals show a derece of 


* The apical foramen may open at the 
root apex in a centric position or may 
open in any of the Four (bueccal-palatal- 
mesial-distal) surfaces of the roo’, 


N.B.: Our main examination and evaluation 
tool (endodontusts third cye), which in the 
radiographic examination, may be very 
deceiving since it offers a two-dimentiona! 
image for a three-dimentional space. 


Root canal configurations: 
I-Root canal classes: 
Class È Straight mature canals. 


Class II: Curved mature canals, in which 
the curve may range from aradual, moderate 
lo severe , dilaceraled (near che might angle) 
and tie Bayonet or the double curve in which 
the canal starts to curve in one direction then 
turns to asecond p.ane usually it is popularly 
found in maxillary second premolars. 


Class IMI- Immature canals: Canals with 
wide opened apices:two sages may be 
observed, 

A- The Blonder Buss (old type of guns) canals 


seen in the early stage cf root developmen: 
where the canal diverge in an apical direction. 


‘The cobular canal in which the walls are 
parallel with no apieal constriction. 


a 


These conditions are usually met with in 
cascs where traumatic injurics or pulp death 
have caused cessation of root growth before the 
root dentin fills in, tapers and constricts the canal 
lurer, 


IM-Root canal types: Fig (1) 


Type I: One canal with one orice and one 
apical foramen. 
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Type H Type MI Type Tv 


Type I 





Fip. l. Diferen lypes oli nnl canals showing Hie poss theliby 
of PLESEILĽE OP me than one canal ine lhe sas 
ront 


Type H: Two canal orifices thal join inlu une 
with one portal of exit (apical foramen). 


Type IE[:Two separate canals with two 
orifices and two apical foramina. 


Type [V: One canal with one orifice that 
divides apical.y into two separate apical canals 
with two apical foramina; this canal type is often 
encountered in mandibular second premolars. 


Instrumentation Procedures 


Intra-coronal preparation 
(access preparation) 


length determination 





Tooth (workin 





Pulp extirpation 


Intra-radicular preparation. 
cleaning and shaping) 





Intra-coronal preparation 


A proper access preparalion is mandatory 
prior to canal instrumentation. Straight-line 
access allows Ales to be introduced without 
hinding through the pulp chamber and into 
Ine canal. Endodontie access cavily should 
facilitate visual inspection of the pulp space, 
direct access to the canal orifices.complete 
control over the enlarging instruments and 
maximum convenience during the filling phase. 
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Tooth length determination 


Prior to cleaning and shaping of the root 
canal, ihe length uf the rool cana. should be 
accurately measured. This length is measured 
from a point on the tooth’s coronal surface that 
is within the clinician's feld af view and gocs 
apical reaching the apical constriction, which 
is 0.5-1 mm shart of the radiographic apex. The 
apical constriction is the narrowest point of the 
canal beyond which the canal widens and 
develops a broad vascular supply. Therefore., 
trom a biologic and mechanical perspectives 
the constriction is the most rational point to end 
the cana. preparation, 


Determination of the length of the cana. can 
be done either by the radiographic technique 
(Ingic’s method) or by electronic devices for 
tooth length measurement (apex locators). 


Radiographic method Ungle's method): 





The radiographic technique is considered the 
mast-widely used method. Based on the length 
of the tooth on the preoperative radiograph and 
(he average tvolh length, a pre-measured file is 
inserted inside the canal. The frmly-attached 
ruober stopper on the file should be resting on 
a sound reference point e.g. cusp tip, incisal 
or canine tip. A radiograph with the file inside 
the canal is exposed, processed and examined. 
Working length should be 0.5-1 mm from the 
root apex, Adjust the length of the file according 
to the tooth Jength radiograph. 














D 





Fip. 2 Cleaning and chaping should be terminated at the 
apical constrichion (working length) which is 0.5- 
I rom short of the tooth Ienzth 


Plastic or rubber stoppers may be square 
shaped, triangular or pointed (directionaljto 
mark the direction of the canal curve during 
instrumentation, 


E.ectronic method (Apex locators): 


Fhe idea behind these devices depends on 
the res:stance of different tissues to electricity. 
Oral soft tissues conduct electricity easi.y, 
while hard issues acl as an insulator, All apex 
-ocalors in lhe markel have two elecirodes; 
one touches the patient’s oral mucosa, while 
"he sceond is connected toa ale and introduced 
inside the canal. Hy passing the tile inside the 
canal, a very small current exists between the 
two electrodes i.e. a very high resistance exists. 
This electrical resistance is very high as the file 
enters the enamel and dentin and decreases as the 
‘nstrument moves down the canal and, finally, 
dropping as che file approaches the periapical 
tissues Digital reading, light or sound are the 
indicators For different devices when reaching 
the end of the canal. 


Old types of electronic apex locators 
were alfected by the presence of electrolytes 
Blood or saliva inside the canals, whereas 
recent types that depend on the electric 
inpe dance(difference in electrte reststance 
between the cervical and apical denfin) arc said 
to be more accurate and work efficiently in the 
presence of electrolytes, hypochlorite, blood 
and saliva. 


Electronic apexlocators have been tested 
for accuracy against radiographic technique 
and both were found to be 80-90% accurate. 
However, radiographs supply the clinician 
with important data about canal curvatures, 
number and the condition of the surrounding 
soft and hard tissues. 


Modern devices, such as the radiovisiograph 
(RVG)supplied with a sterilizable intraoral sen- 
sor, al.ows the operator to utilize less dosage of 
x-rays (less hazards) and instantly view the im- 
age ona large computer monitor where it can be 
magnified, enhanced and stored. 





Electronic measurement of tooth length (apes 
locator} 


Fig. 3, 


[improper tooth length determination will 
complicate the outcome cf the treatment 
leading to fai.ure of the case. This complication 
is reflected by eilter: 


ft} fafernaéd fransportation: a condition in 
which the canal will be prepared short of 
its real .ength leading to improper cleaning, 
persistent infection, ledge formation with 
subsequent under-flling ending with 
Fhis results from short 
working length determination and is also 
termed vertical undcr-extention. 


failure. error 


condi:10n 
Wi slTUments 


(ii) 


External transportation: a 
In which e¢n.arpi ig are 
extended outside the canal, irritating the 
surrounding tissues. This situation leads 
to severe postoperative pain, persistent 
acute or chronic inflammation with 


subsequent over-filling ending by failure 


Fi 
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of the case. This complication results 
from over-estimating the working length 
and :s termed vertical over extention 
and results in a poor apical seal since the 
apical anatomica. barrier against which 
condensation is made is destroyed. 


Pulp extirpation 

Pulp extirpation is (he cumplele removal of Loe 
pulp tissue from the pulp chamber and the root 
canal(s} Initial extirpation is performed using 
nerve broaches (barbed broaches} in large- 
sized canals and files in small sized-canals. 
However, complete removal of pulp tissue 
§ not accomplished ortl working length is 
established and considerab.e canal preparation 
has been dane. 


Root canal irrigants 
Before,during and after the course of cleaning 
and shaping, root canals should be washed out or 
irrigated with a solution capable of disinfecting 
them and dissolving organic matter. Although the 
major function af the irrigant is to Jush debris 
from the canal, the irrigant shouid have additiona. 











propert 2 that aid in E and shaping. 
T hé inst win iri Cari rach 44 
754 2 CD% t rea: f the PAHA of Ay Puls (race 
z Properties of ideal irrigant 

l- Tissue and debris solvent: The irrigant should 
have the ability to dissolve tissues either 
vital, neerntic or chemically fixed. 

2- Lubricant. The irrigant should have a 
lubricating action ta facilitate siding of the 
instruments along the canal walls. 

3- Antibacterial action: Ideal irrigants shonld 

\ Ne wie >! have a bactericida. actor against acrobic, 
W es ro | anacrobi organisms and bacterial spores, 
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Removal of smear ayer (if desirable): The 
smear layer is a microcrystalline layer of 
culuug debris covering the canal walls aller 
canal preparation and its remuval may aid in 
a better bonding between the sea.er and canal 
walls. 


$- Low toxicity: An ideal iwrigact should have 
tlinimal or no toxic effect on the periapical 


SSeS, 

6- Availability, reasonab.e cost and adequate. 
shelt life. 

Types of irrigants: 


Many types of solutions havc becn used from 
distilled water to concentrated acids. 


l- Sodium hypochlorite (NaO CI 


¢ The most popular and advocated irrigant 
i3 sodium hypochlorit te) (€larox). The 
full concentration of sodium hypochlorite 
(5.25%) may be used, however, it is 
recommended to be diluted by equal 
arnouul of water lu have a coneceulrauiun of 
2.5%, which decreases its toxicity, while it 
stil] retains its action. 


= Sodium hypochlorite is au excellent tissue 
solvent whereits action maybe increased by 
warming the so_ution, however, warming 
the solution affects its stability. 


* Combining solutions of NaOCl and 
hydrogen peroxide causes foaming action 
tor better removal of debris; however, this 
combination inhibit the antibacterial action 
of both irrigarts. 


+ A ternate use of NaOCl and EDTA 


capable of removing the smear layer. 


is 


Chelating agents: 


* The most common chelating agent used as 
au irigaul is eltivlene diamine lelraacetic 
acid (EDTA). This irrigant has an excellent 
antibacterial action with no tissue solvent 


action, 


¢ RC-Prep is a paste composed of EDTA and 
urea peroxide. This pasleywhen used with 
NaOCl is capable of removing the smear 
layer and producing bubbling action duc 
to interaction of urea peroxide and NaOCl. 
This bubbling helps loosening and floating 
of dentinal debris. 


è (use the Ree x xg 
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3. Hydrogen peroxide (3%): 


Earlier it was a very popular irrigant due 
its effervescence action, which is capable of 
removinz loose debris from the inside of the 
canal. In addition, the release of nascent oxygen 
works against anaerobic microorganisms. Now it 
is not so popularly used because of the fear that 
forcing it into the periapex results in release of 
oxyzen that will be trapped apically causing 
severe postoperative pain and emphysema. 


4. Quaternary ammonium compounds: 


The most popular irrigant of this group is the 
Q-amene acridine. This irrigant is an antiseptic 
with low toxicity with no tissue dissolving 
property. 

5- Chlorohesadine Gluconate (0.2% ): 


Thischemical wasshowntohavycantibacterial 
action comparable to that of NaOCl bu:, again, it 
dues not have tissue solvet action, 


6- Antibiotics have been tried as irrigating 
solutions with success in cases with long 
standing infections and patients who 
cannot tolerate orally-admumstered anti- 
hiotics. Fhe most cammorly used antihiotics 
are nctronidazo.c and tetracycline. 


Ti 


MTAD which is a nixture of tetracycline, 
an acid and a cleaning “ets ‘pent 


lor the needle 


Method of irr gaton: 


The technique of irrigation is simple by 
using a plastic syringe and bending the needle 


to allow easier insertion inside the canal. It is 
strongly recommended that the needle lies 
passively inside ‘he canal, as forceful irrigation 
can push the irrigant into the periapical tissues 
leading tu severe coruplications. 


ibe E 
Goldman developed an) irrigating needle 


which have a sealed end with ten side 
perforations along its length Cor side delivery uf 
tho Inigant. 

Ultrasonic irrigation jis considered the most 


effective method of root canal itr gation where 
: Of canal Wr. gation where 


Tol fous, curved rool i ranlals inaf jom „avid é 
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the vibrational motion of the files inside the 
canal moves the irr: gant 1 a vortex like motion 
c.eaning areas which cannot be reached by the 
files. In addition, this motion causes warming of 
the imi gant, thus, wereasing its action. 


A recent ad'unct for cleaning and shaping 


is the | Irrivac system) Which 15 àa combine 


irrigation needle with a suction tip for delivery 


of the irrizgant and its rapid suction a: the same 


time. 
Recently, a some device (ENDO- 
ACTIVATOR) was introduced utilizing a 


Hexible nylon fiber with gauges 20/25, and 20 
to vibrate passively inside the canal activating 
the irigant;warming it and delivering it to 
inaccessible areas. 


In summary, it appears that NaOCl 2.5% 
provides both excellent antimicrobial and tissue 
solvent actions putting into consideration that 
the proper technique of irrigation is followed 
to avoid its toxic properties. [F it 18 desired to 
remove the smear layer before obturation ,EDTA 


should be used in cambination with NaOCl. 


It should also be noted that debridement by 
irrigation is a functor of volume,su at least two 
ml should be delivered each time of irrigation to 
be effective. 


INTRACANAL MEDICATION; 


Endodontics is one of me dental specialities 
that uses antimicrobials ay an adjunci in 
ifection contra’ ti treatment af noavital as 


wellas ta vital cases li medically-com promised 
patients. 

Aatimicrobials may be divided into 
chentotherapentics [fo be discussed 


separately) which are specific In action and 

aniiwepiics, Which are non specife in action. 

Aafizeptics may be classified tne: 

i- Alcohois; ethyl and tsoprepyi alconels 
are used prior to obturailon to dry the 


canai and remove fe water content for 
berter sealer adhesion. 
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Phenolic compounds; phenvi, 
pheraiedpheio!l, canwphorated nono- 
chiorophenol (CMCP land formocresol 
Jaidaiyvde ester, 19% formaidahyde, cre- 
sol 35%, water and glycerine 46%} are 
localy acting aatiseptics that work by 
denaturation and clumping of cell wall 
proteins, thus, altering the Junctions of 
bacterial celi wall causing bacterial dediñ. 
They are vapour-forming chemicals with 
different grades of spreading and den- 
Hndi peneiration beinge maximum with 
formocresol followed by the CMCP aad 
fhe (east penetrating are the camphor- 


Cad aa - 


ated phenol ana the phenol and, tits, 
thev are the feast patent and least i- 
riiaat. Yet afl phenolics are considered 
rritcas and potentiady carcino gente 
witch became d coaroverstal issue ti the 
past few years, 


Adoperis; fodine potastum odide 2, 39 
were also fonnd very effecitve agatast the 
root canal flora without ihe periapical 
rrituting quality of the phenolte dertva- 
fives so they are Atealy recommended as 
root caval medications, hypochiorites as 
the sodium sali Q.5-5,25% have been 
discussed with root canal irrigants. 


Calcium hydroxide; great — fiterest 


is betag directed iowards culetunt 
Aydroxide in endodoitics owing to tis 
anitmarcrobtal action, specially against the 
bactertods of endodontic concern and fis 
tissue dissolving action which encourages 
its use as jatracaial medication aid 
irrigani; also its osteogenic checi, which 
cacouraeged ts formulation. as root canal 
sealers, 


Antibiotics: have Deen tried as inira- 
canal medications bur the fear of 
deveiopi np bacteria! resistance, 
jeopardizing ihe systeic use, have ied to 
the retreat of its local use. 


uf 
steroids as thira-cunal medicaiion was 
tried with successful resulis, however, 


Vi- Stereid/antibiotics; ihe dotal use 


the fear of fowertag the tutuntiity Tà 
aa already infected area has led to a 
combtiatton of steroids ta lower the 
riflanmation and antibiotics to control 
the infection {feddertivtx;. 


Intra-radicular preparation 


It should be clarified that in discussing 

intraradicular preparation, two terms should be 
clear: 
l- Basic instrumentation motions, which 
is fhe type and direction of motion the 
operator performs while holding the tool and 
working the canal space, ic. vertica. filing, 
rotation clackwise, counter clockwise and 
30 On. 


I- The preparation techniques, which is the 
sequence and steps taken for preparing the 
canal, Le. apical - coronal, coronal -apical 
ur cumbined. 


Basic instrumentation motions 
(mancuvers) 

Cleaning and shaping of the roct canal 
is performed by endodontie instruments (e.g, 
files) being moved against the dentin walls either 
in a linear mo‘lon (up and down) or rotation 
motion. These mutiens are being referred to 
as “BASIC INSTRUMENTATION MOTIONS 
“Fig. (4) 


Filing motion: ‘Vhis is a lincar motion in the 


farm of push and pull action. [t is the most 
cfticient motion in etting dentin. All types of 
files can he used with this motion, however, the 
H-file 1s considered the best as it has the highest 
cutting efficiency. This motion is recommended 
for enlarging tne coronal 2/3 of the canal 
(circumferential filing: Fig. (4.4). 
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Reaming motion: This i a rotation motion. 
The term ream indicates clockwise ur right-hand 
rotation of the instrument. It is assumed that this 
motion produces round cross-section of the root 
canal, however, chances of the instrument ta 
fracture is increased. Reamers an -files 
are suitable for this motion, and they are 
intended for use in the apical third to prepare 
circu.ar cross sections to best fit the circular 
cross sections of the master gutta percha cone 
Fig. (4B). 


Turn and pull: This is acombination of reaming 
and Slinz where the instrument is inserted with a 


quarler-turn clock wise (reaming) ruotion then the 
“file is subsequent_y withdrawn (fling) Tig (4 C). 


Watch winding motion: This is a rotation 
motion. The instrument. jis bei being inserted in the | 
canal with a gentle clocky jise/counterclock wise 

(30-60 degree) motion m (right and left), Reamers 
and K-files are suitable for this motion | ig.(4D). 






Balanced force: It is a rotation moton. It is 
identical to the watch winding in which the 
instrument is rotated right and left mside the 
canal nti] reaching the desired length. Now, 
the instrument is rotated to the left [counter 
clockwise). This .eft rotation attempts to drive 
it out of the canat so, thé clinician must apply 
apicat pressure tO prevent outward movement 
A to_abtam cutting. Simultaneous apical pressure 
and counter-clockwise rotation of the file strikes 
a balance between the tooth structure and 
instrument. This balance keeps the instrument 
centralized inside the canalhus minimizing 
the chances for canal transportation. This 









is the tastiest cl choice lo be used with bis 
motion due to its triangular cross section [less 
metal mass = more flexibility) and tor its non- 


cutting tip Fig. (4B). 

















N.8.:All rotation moons are recummuended iu Fis 4 Basic instrumentation motions; A Bling, 


be used in enlarging he apical BA ak iera] B: reaming, C: tuzn and pull, D watch winding, 
: oe a E: balanced Forze 

due to their ability to offer a round preparation. 
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CLEANING AND SHAPING 
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Techniques for Instrumentation 
(approach) 


Over the years, two different approaches 


to root canal cleaning and shaping have 


emcrgcd: the aprtcal-coronal and, the recent 
concepl,cororal-apical, The apical-coronal 
starts enlarging the apical third first followed 
by flaring the coronal two thirds. This approach 
is exemplified by the apical stop technique 
(Basic} and the step back technique. The 
coronal apical approach starts flaring the 


f Masko © Aoiced Fle 
Master ( 


dccrcascs 
flexibility) 
increase in the stresses applied by the Ales on the 
canal walls, leading to areas of increased cutting 
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This tectimiyue has (he advantage of planing 
the whole circumference of the canal and its 
simplicity to be used by we lenced oe aaa 
in straight canals. T this 







AS CTER the size of the instruments 
its flexibility {morc mass=less 
with subsequent indiscriminate 














coronal two thirds first (preflare} followed by  ©-©aning| 


apica. preparation as a final step; this approach 
lay be exemplified by the crown-down 
pressureless technique, A third approach is 
recenlly introduced which is a hybrid techmque 
where the coronal twu-lhirds are preflared al 
first then the working length determined and 
the apical third is stepped-back, this was termed 
the step-down technique. Anyone or more of 
the previously-mentioned basic instrumentation 
motions can be used with any of thesc techniques. 


I- THE BASIC TECHNIQUE, APICALSTOP, 
(CIRCUMFERENTIAL FILING): 


In this technique, the working lenzth is 
Uelermuned first and starting with the first file 
lo bind al the wurking length (INITIAL FILE). 


The file is used in a filing motion alung the 





whole circumference of the canal tu plane all 
lhe surfaces ill Lhe file feels loose inside the 


canal. The canal is{irrigated hnd the next file is 


used alone the full leneth circumferentially til it 
pace i r am =- 





becomes loose,and soon the sequence 1s repeated. 
Enlarging and washing the canal For at least three. 
tn four successive sizes larger than the initial 


“Rize, are performed til] reaching the largest e 
used at the full length, naw termed thd MASTER) ASTER 


(APICAL FILH, according t to » which the master 


_ guttapercha point is selected. The main goal is 








to enlarge the canal along the whale length with 


establishing a definite apical stop, while taking 
all file sizes to the full length regardless of the 
canal anatomy or the instrument flexibility. | 
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d ZIPPING (WEI ae af the apical 

g pe te na ra p J H 
Jô "3 af cr p Panlagy 
Modification this technique was? 
developed which advises the operator to pu_] 
or drag the iles in an anticurvature direction 
to pul more pressure and cul more in the safe 
zunes and avoid the crilicul zones. This was 

termed 


AN TICURVATURE HILING TECHNIQUE. 
THESE ERRORS CAUSED BY THE 
BASIC TECHNIQUE LED TO THE 


DEVELOPMENT OF ‘THE STEP-GACK 
TECHNIQUE. 








The slep-back technique was first described 
by Clem (1969) and became popular as it creates 
smoother flow and a more tapered preparation. 


This techmyue has the advantage of 
respecting the canal anatomy and the instrument 


exibility where only smail and flexible 


~ Instruments are taken to the full working length, 
while larger stiffer instruments are stepped back 
dnd used in more coronal areas away Crom the 
maximum curvature of the canal. 


Cleaning and shaping of the root canal by 
the step-back technique include three phases. 
[In phase onc, the motion used is a rotation 
motion (reaming, watch winding or turn and 
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Fig. 5. The step-back preparation (Phase [, I e I} 


pull motion) ard its aim is to prepare the apical 
portion of the canal (apical preparation phase) 
starting by the initial fle till reaching the MAF. 
[3 phase ‘wo, the canal 1s enlarged with larger 


files m a step-back fashion:tbat 1s larger files 


move lmm backward in a coronal direction in a 


series of steps. In phase three, the motion used 
is the filing motion around the circumference 
of che canal (circumferen:ial filing). The aim 
of phase two 1s to en arge and Aare the coruna. 
-wu-thirds uf the canal (lartug phase). The 
Technique is described as follow: 


Phase one (apical preparation) 


e Based un che tvoth lengli determinaliun, 
seleel che INITIAL FILE o slari your 
cleaning and shaping. The initial file 
should reach the working length with slight 
resistance( BINDING) at the apical taid. 


el 


Mote A 
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» The imtial file is inserted inside tne canal 
to the full working length using a watch 
winding motion (back & forth motion). 


© Whe3 reaching the full working length, lhe 
initia] file is given a quarter-turn mo:ion 
in a Clockwise direction then withdrawn 
outward (turn and pull motion). 


e This action i repeated un:il the file 
is .ulal.y louse iste the canal. Make 
sure that you ntigale frequently during 
preparaliur. 

+ This procedure is repeated entil the apical 
area is prepared at least three sizes larger than 

Sih y : ar PR et Red pea ren 
the initial file. The larges: Ale reaching tne 


Full working lengthis what wecall “WASTER _ 


APICAL PILE” (MAF), Remember Always 
keep the canal Mluvded wih the wrigaat and 
never force ar Instrument inside she canal. 


Phase vo {stepping back } 


» The next step would be to step backward 
using the larger size Miles while snortening 
"he working length to obtain a flared 
preparation. 


» Tais step-back preparation is done by 
sequen‘lally inserting files larger than the 
MAF in a passive manner 1.¢. no pressure 
Is applied to the tile handle to push 1: deeper 
inside the canal. his size will mostly stop 
short of the working length. Move the tile in 
a cicumferen‘ial filing motion to smoothen 
"he dentin walls. 


» Irrigate the canal and go back again to 
the MAF placi 
length ta 


outside the canal to avoid canal blockage 


t ‘oa che full workin 





carry the enllected debris 





thea the walls. This is what we call 


* Step backward again and recapitulate 






until the carnal appears to be tunneling 
aut amnoothiv; now ‘he apical! third 1s 
prepared and fared. 





a, 
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the step-back technique, yet it was found to be a 
_ ee 
_lengthy boaring procedure and the evolution of 
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* Neglecting this phase would lead to 


—fermatiom 01 a Se: tes of ledges 51 mulating 





an opened P we Nee l and, hence, it was 


1e telesco 
ie irigan aee The ee ep on 





eparation 
thee end only 


U Phase fhree (flaring } 

The working length is shortened by the 
amount of the apical third and the coronal thirds 
are now Aared by rotary tools or by H-FILES ina 
circumferertial filing technique. 


MODIFIED STEP- BACK TECHNIQUE: 





This technique may be used in less curved 
or almost straight canals. It simcly envolves 
establishing the proper working length, Start to 
enlarge the canal with sequen‘ial.y larger fies 
for the preparation of an apical seat with the 
MASTER APICAL FILE of an appropriate size 
using a reaming action to prepare a circular cross 
section at the apical third. The working length 
is then shortened by 3-5 muns to leave what is 
known as the retention form with its circular cross 
section, ther the res: of the canal is erlarged 
using either a rotary tool lke the Gates Glidden 
drills, or using l file in a circumferential Aling 
manner. The amount of canal fare depends on 
the obturation technique to fellow and ‘he need 


for using posts. 


THE CROWN- DOWN TECHNIQUE 


Practitioners were pleased with the results of 


the modern rotary tools together with the need 
to improve the quality of the preparation and ‘o 
shorten the time of treatment, have led to the 
developmert of the Crown Dowr. pressureless 
technique by Marshal. 


This technique depends on canal preflaring 
a ` a 
using elther a rotary ‘ool like the Gates Glidden 


drills or an Hi-īle in a circumferent:al | fling 





technig le, extending about lê mm inside th the 
root or at t or at leas? the cervical and middle 1 thircs of 


the canal. 


The second step is to penetrate the canal with 
a large file to the apical third with absolutely no 
apical pressure ‘.e. fle # 35 or 40 depending on 
the size of the canal 


This is followed Sy using sequentially 
smaller ftles( 40-25-20-1 5) downthecanal:n what 
is known as waves of instrumentation advane:ng 
fram the coronal to the anical direction. When 
the files reach 2-3 mm shorter of the sugges‘ed 
average length (determined by the pre-operative 
radiograph), which is termed the Provisional 
working length, a confirmatory working length 
radiograph is made for an accurate working 
length determination. 


The final step is to instrament the canal 
starting hy large files and advancing apically 
using sequentially smaller Eles wth no apical 
pressure. ‘The second wave of instrumentation 
would be (40-35-30-25), the third would be(45- 
40-45-30). These waves arc repeated till adequate 
apical preparation is reached and a MASTER 
APICAL file size is determined. 


ADVANTAGES OF THE CROWN-DOWN 
CONCEPT (CANAL PREFLARE) 5 X À M 
l- Gross debridment of ‘wo thirds of the canal 


contaminants and so less_microorganizms 
and debris are pushed apically and, hence, 


less liabli-‘ty to flare ups and post-operative 
pain. 
2- Eliminates corona) aud middle thirds 


dentin resistance to the files so improves 
‘he first res:s‘ance 


I 


“constriction. 


tactile sensa‘:on since 





is the z 
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Less stresses on the instruments results in 
less stresses or canal dentin ard, hence, less 
liable to ledge or perforate ‘he canal: also, 
Tess likelihood to fracture the instrument 





4- Since coronal resistance 1s eliminated in the 


straight part of the canal, the operator can 
better negotiate I ical curve with less 


stresses on the ins tument. 








m 
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THE CROWN-DOWN APPROACH 





5 Deeper penetration of ‘he irrigation needles 


means deeper irrigation effee* in the apical 


region , with furmation of a large reservoir 
For the irrigan‘. 


b- Preflaring with rotary tools shortens the 
preparation time. so less fatigue to the patient 
and the operator occurs 

ALTHOUGH THE CROWN-DOWN 

CONCEPT GAINED POPULARITY FOR 

nS BENEFITS, TP WAS FOUND TO 

BE TIME CONSUMING 50 A HYBRID 

TECHNIQUE WAS DEVELOPED WHICH 

[IS TERMED: 


THE STEP-DOWN TECHNIQUE. 


This technique depends on preflaring the 
canal from a coronal direction using engine 
driven instruments from the smaller to the larger 
(depending on the canal size). The warkirg 
lengthis then properly established,and the apical 
third is prepared in a step- back manner. 





A smal. patency file is advanced to check 
for the pateney and direction of the canal. The 
smallest gates size # 1,2 or 3 may be used to 
reach the apical third or at least the mid root 
as dictated by the canal anatomy and ‘ype of 
curved curved canals}, This is followed. by 
iigatiun ther: ‘he next sates size (4 23,or 4) 
may be used more cervically. Again the canal 15 
irrigated, checked for patency and the arger drills 
used at the cervical ‘hird and canal oriice. 

The apical constriction may now be felt by 
tactile sensation acd the proper warkirg length 
radiograph is now made, The initial file is used 
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with a watch-wind motior and sequentially arger 
files are used to reach the MASTER APICAL 
FILE. The apical third may now be flared by 
step-back or modified sten-back techniques. 


IT WOULD NOT BE POSSIBLE TO 
CONCLUDE THE CLEANING AND 
SHAPING TECHNIQUES WITHOUT 
DISCUSSING 


THE BALANCED FORCE TECHNIQUE. 


Although it was introduced by James Roane 
as a technique of preparation,it maybe considered 
a file maneuver than a technique of preparation. 


STEP I: The Sle ‘Flex-R} is introduced 
inside the canal using a clockwise rotation to 
drag the äle passively dowr the canal to the 
working length. 


STEP II: At the desired working length ,the 
file is rotated in a counter-cluckwise direction 
with a slight apical pressure as rotating the fie in 
a counter clock-wise direction ‘ends to unscrew 
the file back the canal in a coronal directior. It 
is during the counter rotation, the dentinal cut 
is made. This countcrelockwise rotation is said 
(by Roane) to balance the tip of the file towards 
the center of the canal rather than towards the 
outerside of the curve and, hence, it is found ta 
minimize canal zipping cr transportation. The 
problems wi‘h counter clockwise rotation are; 


First, the debris are pushed in an apical 
direction ard 


Second, the file tend tu fracture a brittle 
fracture (sudden). In a c.ockwise ro‘tation,when 
a fle is locked, unwinds then elongates and 1s 
reverse twisted then fractures a ductile type of 
fracture which allows the operator to detect these 
types of deformation and discard the instrument 
in ‘he proper time before fracture. Whereas 
in the counter clock wise rotation the locked 
instrument is over twisted, shortened and breaks 
instantly in a britte type of fracture because of 
the fore mentioned reasons, 
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STEP HI: The file is again rotated in a clockwisc 
(one full turmidirection to load the debris and get it 
out of the canal. This sequence is repeated with all 
the larger files sequentially till reaching the proper 
size of THE MASTER APICAL FILE; the coronal 


flare may be made by hand or rotary tools. 


ALTERNATIVE TECHNIQUES 
FOR CLEANING AND SHAPING 


Other approaches to preparation 
have been proposed. Because conventional 
preparation with hand instruments is somewhat 
dithculf and time consuming, 

Instruments have been suggested, Two types of 
motions are utilized either rotational motion 
or vibrational motion, 





canal 


enginc-drivon 


[- fingtne-driven instruments utilizing rotad- 
fronad motion: 


These inc.ude large variety of special 
handpieces that rotate back/forth or in a quarter- 
tuto or even up and down few millimeters, 
Tips mounted on these handpieces are files 
of handles. 
Rotational engine-driven instruments were not 
widely accented in the past due to problems that 
appeared when using them, which included: 


or reamers with latches instead 


l- Less effective in canal debridement. 

2. More tendency for canal packing with 
dentin debris. 

+ More tendency for ledges and oeiforations. 

4- More tendency for canal straightening. 

5- More tendcney for instrument breakage 

6- Loss of opcrator sensc of canal topography. 


However, the new generation of engine- 
driven instruments were yreatly modified 


and nowadays, are comparabe to hand 
instrumentation techniques. Modifications 
included: 


i- Modification in the handpiece: 
* High torque 
¢ Very low speed (300-1 200 RPM) 
* Steady rotation 


2"-Modification in the cutting tool: 


* Wickel-titanium fles (flexible) 
* Increased taper 


U- Engine-driven instruments nilizang vibra- 
tonal molton: (Sonics & ultrasonics! 


The utilization of vibrational motion in 
endodentics was first introduced more than 
twenty years ago by Martin. The power 
source (electromagnetic or piezoelectric? 
is transferred to a spccial insert that hold a 
special instrument similar to a file. When the file 
is energized in a canal Hooded with irrigant, the 
fud mation helps Inosening debris with better 
flushing of canal contents together with fle 
scraping against the dentin wall. 


The results of the studies have shown that 
canal enlargement using sonics and ultrasonics 
may not be efficent as hand instrumentation 
and is even less effective in small curved canals. 
However, Jlushing and disinfection appear to be 
very effective with the sonics or ultrasonics. 


Ema SONICS ULTRASONICS 


SPEED s20 000 HERTZ 20 +35 KILOULRTZ 
RANGE 





POW ER COMPRESSED PIEZO-ELECTRIC 
SOURCE AIR 
TOOLS | RISP)& SAPER K-TYPL 
(R.TYPE) & DIAMOND 
IRRIGANT WATER Niu-HY¥ POCHLORITE 
KOMI S000 ENDOSTAR 


GUIDELINES FOR 
INSTRUMENTATION OF 
DIFFICULT CANALS 


The ideal canal enlargement would be the 
one that enlarges the canal while retauuny the 
canal pre-operative shape. In a straight large 
canal, this rule is easy to apply, but studies have 
shown that straight canals are the exception and 
the majority of root canals show a degree of 
curvature. 
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Fig, 9 The distribution of the restoring Forces along the 


length of the insteument 


When a file is inserted in a curved canal, 
elastic forces develop inside the ins‘rumen’ 
These forces attempt to return ‘he instrument te 
its original shape, henes, i‘ is called “Restoring 
forces”. These forces act on the canal wall 
during preparation and influence the amount of 
dentin cut by the instrumen:. The restoring Force 
is cot equally divided along the length of the 
Instrument being maximum at the instrument 
tip Fis. (4). This phenomenon is responsible for 
mos’ of the procedural crrors, which necur during 
canal enlargement. 


These guidelines should always be 
remembered regardless of the technique of 
instrumentation used. 


l- Always work files in a canal Alled with 
irrigant. 


tm 


Never skip intermediate instrument sizes 


during preparation. 


3- Never force files inside the canal to avoid 
instrument breakage or sacking of debris ir 
the apical region of the canal. 


d- Precurving of instruments: a precurved file 
is a Valuable ‘ool for feeling canal passages 
and for muving around calcifications and 
ledges. [n addi‘ion,a curved file helps allevi- 
aie the adverse effects of canal curvature. 
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5- Anticurvature filing concept: this concep’ 
describes the action of pulling the files 
agains: ‘he outside wall of the canal. Fhis 
directionally-applied pressure prevents 
straightening of midroot curvatures, which 
can lead to strip perforation. 


6- Radicular accessi This procedure is 
employed nowadays in most instrumentation 
techniques. It describes enlarzing the coronal 
L/3 of the canal before initiating the cleaning 
and shapina. Fhis can be accomplished either 
hy rotary instruments (Cia‘es Cilidder 
drills)Fig. (6) or by circumferential filing 
usin H-files 


TERMINATION OF CANAL 
PREPARATION 
How much should the root canal be 


enlarged? The answer is simple. Canals 
heute bc enlarged cnough to permit adegu uate 


debrid idementas well as manipulation and control 


of of obturating materials_and instruments, | [ is an 


interaction between three ajor factors: 
jue 
[- Canal anatomy: 


using larger 1ustrumients will either seia E 
the cacal walls or will fracture. 


M- Instruments used: Using more i 
desig ad materials of construction 
allows the operator ‘o enlarge ‘he canal 

in tac apical third to largcr sizes,i.c. for a 
severely curved canal, having a regular 
K-s.-st dle may allow an apical preparation 





urved canals (specially @iau* 
at the apical third) require less widening,as | 


to size 25. Whereas having a K-flex st- y 


st may allow an apical erlargement to 
size 30-35, while using one of the new 
‘NICKEL TIFANIUM instrument systems 
may alow ar apical preparation of the 
same curve to size 40-44, 


If The operator skills: Experienced operators 
with wide range of skills are more able 
fo deal with more complicated cases, 
whereas less expericnecd practitioners 
are better advised fo stick to ‘he basic 
techniques to which they are more trained. 


i chee ons papi 


3- Poeg Pa b the rset 
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CLEANING AND SHAPING 


Criteria for termination of canal preparation 


l- Debridement: All walls should feel smooth 
along (he whole length of the canal logetuer 
with clean yellow dentin debris. 


2- Apical preparation: An apical stop (apical 
control zone) snould exist. This is tested 
by the failure of the master apical file to 
puss beyond the working length when a 
reasonable apical pressure is applied to 


it (RESISTANCE FORM). 


3- Adequate taper: Selected cb‘urating 
instrument (spreader or plugger) can reach 
easily to witmin 1-2 mum of the working 
length. 


PROCEDURAL ERRORS DURING 
CLEANING AND SHAPING 


Iatrogenic changes in root canal during 
cleaning and shaping do occur especially in 
narrow curved canals. Tne majority of these 
complications occurs as a resell of improper 
control over the preparation instrument. These 
procedural errors include: 


I- Canal blockage 


This condition occurs woen the operator 
feels that canal patency is los’ during cleaning 
and shaping. 


Diagnosis 
e Full working length can not he reacned. 


* At the area of blockage, tne canal feels 
sticky due ‘o aggregation of debris. 


Etiology 


* Failure to maintain full working length 
during preparation. 


* InsufAcient irrigation. 
* Failure to recapitulate during preparation. 
Treatment 


To solve this situation, the operator should 
irrigale the canal and start negotiating the canal at 


fall working length using the initial tile (smallest 
file reaching the working length). 

Ultrasonic irrigation may be very benifictal 
in stearine back the accumulated debris and 
facilitate tts removal by irrigants. Also the 
alternate use of hypochlorite; peroxide solutions 
with the resultant bubbling effect may help 
removal of the blocking debris. 


II- Ledge formation 
This condition is noticed when the operator 
feels that full working length cannot be reached. 
Diagnosis 
®  |.oss of working Jeneth. 
» End of canal feels as a solid wall (non 
sticky). 
* Radtographically, Ale appears to leave 
the original path of the canal, 
Eriology 
¢  Insutfictent irrigation. 
® Failure to recapitulate 


* Using large-sized instraments in small 
curved canals. 

« Skipping of instrument sizes during 
preparalivn. 


© Dry tiling of root canals. 
Freatineut 


To solyc this situation, the operator should 
irrigate the canal and try to relocate ‘he original 
canal. This is done by placing a sharp bend, at the 
last 1-2 mm, of a file #15. Thus tip is teased 
along the canal wall opposite to fac wall wnich is 
expected to have tne ledge until the full working 
lenath can be re-established. This is followed by 
filing of the wall which contains the ledge. 


II- Perforation 


This problem can cecur anywhere along the 
length of the canal. 


Diagnosis 
* Sudden pain. 
© Sudden bleeding tn a canal originally dry. 


» Rad:graphically, the file is seen projecting 
out of the canal when perforation is 
located in a favourable site to the x-ray 
Lee TTL. 


e Insertion of a paper point alongside the 
perforation will show a red spot [blocd) 
corresponding to the perforation level. 


Etiulogy 
* Improper worxing lengta (apical 
perforation). 


« Borme through a ledge. (side perforation). 


e (ver-enlargement of small canals leads to 
longitudinal perforation (strip pezforation). 


Treatment 


e IË perforation was apical, re estab 
lish working length and create a new 
apical stop by enlarging the master apical 
file one or two sizes. 


ef the perforation was a side perforation, 
try torclocate the original canal and corn- 
plete the cleaning procedure. The perfo- 
ration can then be sealed during canal 
obturation or an external seal can be per 
formed suraically. 


e Strip pertorations are diticult to deal 
with. Qhturate the canal and follow up 
the case. 


* Attempts to induce external calcific bar- 
rier by filling the canal with calcium 
hydroxide may be tried for three to stx 
months and may last up to two years. 


* Failing cases may require surgical cor 
rection to seal tne perforations externally, 


TV- Instrument breakage 





Darme instrumentation, a fragment of the 
mstrument can break inside the canal. This 
fragment blocks the canal, thus preventing 
rowine cleaning and shaping. This condition ts 
diagnosed as follow: 


« Sudden loss of working length (canal blocked). 
* Loss of a framment of the instrument. 


© Radioyraphically, the instrument fragment 
can be seen. 


This condition occurs due to; 


* Frequent use of the instrument (instruments 
should be discarded before metal Caigue). 

® Using excessive force during tistrumentatior, 

* Failure to inspect the instrumen before use. 

* Locking the instrument in adry canal. 

* Rotation in a counterclocswise direction. 


The prognosis of ‘his condition depends on 
several factors: 


* [.ocatton of instrument (apical, middle or 
coronal). 


+ Size of the instrument. 


® How much cleamng was performed apical 
to the hroken fragment before instrament 
breakage. 


+ The nature of the pulp disease (vital or non- 
vital case). 


The hes? correction of this error ts to try fo 
remove this fragment. If tmposstble, try to bypass 
i and complete (he inslrumentaliun procedure 
Ultra-somics may be of great valuc tn trying to 
loosen the locked instrument and flush it out with 
irrigation. 

It tus is unposs:ble, clean and obturate the 
canal to the level of the fragment and follow-up 
the case, 


Falme cases may egare surgical mlervention 
to retroscal the apical root scgment. 
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CLEANING AND SHAPING 


ROTARY INSTRUMENTATION 


Rotary and power-driven instruments nave 
always been a dream to practitioners aiming 
to an effortless, fast and uniform smooth 
preparations. 


In the sixties, the standardized preparation 
technique appeared to be a simple technique 
where the filling points match the cutting 
louls. However evaluaime (his (eenmigque m the 
Washington study, performed over 3000 cases, 
proved to cause damage to root canals tnat 
were believed to be simple and straight as the 
maxillary lateral incisors and the palatal roots 
in maxiilary molars whicn were thought to be 
easy canals to (real. 


The problem was that geometrically 
irregular and curved canals were instrumented 
usine gveomelrically very regular instruments 
wah at that time were made of stamless steel 
alloys that lose fexthiltty with tnereasing 
the instrument's size during the procedure 
of cleaning and shaping, Tne findings of the 
sixties have led to the development of the step- 
back (telescopic) technique in [ne seventies 
Where the root canals wers instrumented to the 
master apical file size that will not damage the 
canal curvature or endure unnecessary stresses 
which lead to tts failure or separation. So, a file 
will oniy be used where n is going to function 
safely. Subsequent sizes are worked back in the 
canal shortening the working Ieneth by small 
mcrements in a stepping back fashion, then the 
body of the canal is flared as a final phase. Tns 
technique, though proved to respect the canal 
anatomy and tnstrument capabilities, it is tims- 
consumime, causes fatigue to the operator & the 
patient and requires a huge number of tools to 
prepare each canal. 


Atthe same tme, anatomical studies snowed 
that small canals m the maxillary and mandibular 
molars, measured between sizcs #20- #55 
before instrumentation but failed to explain 
why clinicians couldn’t start their preparations 
with sizes more than #10 of #15, ull “Leeb” 
pointed out that endodontic instruments reach 





the maximum stresses inside the root canals at 
the eibaw area which explained why a file size 
#15 or #20 cannot penctrate a canal size #30 to 
the full working length and the fact that most 
instruments separate at or past the elbow arca 
(maximum stress on the tool and canal). 


These findings paved the road to “James 
Marshall" and’Pappti” to develop tne crown- 
down approach in 1982 whicn was a blessing 
to clinicians, patients and the endodontic 
instruments. 


Along with the crown-down technique, 
came another gift to endodontic practice 
which was the introduction of the first nickel 
titanium hand instrument in 1988. However 
nand NiTt instruments were very disappointing 
regarding cutting efficiency which led to a 
shift m manufacturing from hand NiTito rotary 
NiT: opening a new era in endodontic canal 
preparations. 


When manufacturers first presented Nils 
rolary files wiln 2%6laper, they were weak, 
spinning msile (he rool canals and wilh 
Inadequate contact wilh canal walls and, thus, 
had poor culling efficiency and high [raevure 
rates. So they had to increase rotary NiTi file 
tapers from 2% to 4% then 6% and now up to 
19% whieh produced stronger files with better 
canal wall enlargement and higher cutring 
efficiency. 


Compared to hand mstrumentation, rotary 
NiT: preparations may be considered “a walk 
by the river”. However, two problems were 
associalcd wilh lie newly-introduced tools: 
First, was lne lack of taclile sensation, This was 
partially solved by introducing (he smart molors 
ihal featured an aulo-clulen mechanism which, 
at locked positions, stop rotating and revolve 
In a counter clockwise direction relieving 
the instrument from the iocking situation and 
preventing its fracture. Also tnese motors were 
equipped with built-in apex locators to determine 
the proper working lengths. 





Fiz, 9, “mart Rotary moto: (EEEX) 


NiTi alloys are known to be super-elastie 
alloys unless subject to sudden change in 
rolafional speed or torque where it underyoues 
internal phase transformation luto a brittle phase. 
(martinsitic pnasc). Whien is a very brittle phase 
showing sudden and immediate instrument 
fracture(disarticulation), 


This is the reason why rotary NiTi fles 
could not be operated in regular electric motors 
that may change the speed and torque during 
pressing their foot pedals to accelerate or 
decelerate. Therefore, Smart motors are a 
prerequisite for rotary NiTi instrumentation. 


The other problem associated with Nri 
files is cyclic fatigue and torsional failure 
due to alternate compression and tension 
during rotation along curved canals leading to 
sudden brittle fracture with no or little signs of 
deformation. This remains the major risk during 
working with rotary NiT1 tools. 


Rotary endodontic instruments went through 
alot of modifications and generations to reach the 
success enjoyed by Ene present tools. 


Starting with first generation, tne Profile 
system was presented with tice tapers: 4% 6% 
and 5-8% to work in the apical, middle, and 
coronal thirds respectively. 
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Fig 10. Profile system design | 


The system was presented with a torque 
control handpiece to operate witn regular 
clectric motors which led to hign fracture rates 
due to change in speed using the motor pedal 


control, 


Also, a second problem with tne Profle 
system was the sucking-in ctfect duc to the 
threaded design and the uniformity of the 
instruments and, finally, the system didn’t 
enjoy high popularity because of the large 
namber of files up to 6 sizes per taper f¢.18 
Instruments employing 3 tapers for selection. 


The same manufacturer (DentSply), however 
corrected all the drawbacks in their first 
generation (Profile) and came oul with a state 
of Ene art: 


Prolaper system 


Which came with a Smart motor that is 
programmed for a fixed speed and torque, an 
auto-clutch mechanism with an auto reverse 
feature and, lately. with a built-in apex locator. 
The system is composed of six instruments: 3 
shapers and 3 finishers. 


1+ The Sx: 


e Which is a short instrament with 4mo 
of blades equivalent to size#19 [SO and 
fapcoread (9%. 

e Used for coronal 2/3 flaring before 


measuring the working length. 


* The instrumcnt is short tool / Gmn and 1s 
notidentified with a colored ring like the 
other instruments, 
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CLFANING AND SHAPING 


Shaping File X 





Fig. 11.5% file 


2- Theshaping &1: 


Which is equivalent to size #7 7 ISO and 
tapered 2% at the tip till reaching 72% at 
Dif, 


The instrument is color coded purple 
and intended tọ be used first in the 
coronal 2/3 then ta the Full length after 
working length determination. 


3- The shaping $2: 


Which is equivalent to size #20 INO) and 
tapered 4% at the tip reaching /7.5% taper at 
Dié. The instrument is color coded watie, 
Also used to fare the coronal 2/3 first 
then fo the full working Jeneth after W1. 
determination. 


The second set of files is called the finishing 
files 


4-F |; 





Is equivalent lo size 420 [SO and tapered 
f% at the tip with a taper 5.5%: at D#6. 


It is color coded yellow, 


Intended tv fimisn canals in severely- 
curved roots. 


Shaping File 1-2 


DI DI 


= 9017 
- Ø 02 





Equivalent to size 425 ISO and tapered &% 
at the tip reacning 5.5% taper at Dió. 


The instrument is color-coded red and 
Intended to finisn average to severely 
curved canals, 


This instrument is equivalent to size #30 
SO, apered 9% al the tip reachmy 3% al 
DIS. 

It is color-coded fne and 


Intended to finish gently-curved and 
large canals, 


Lately, two more finishing files were 
added: F4 and F$ equivalent to size #40, 
#30 and tapered 6% and 5%respectively 
to finish and enlarge canals of premolars 
and anterior teeth. 

All the files are used between 
250-350 RPM with torque values between 
2 4Nicm* the larger the size, the greater 
the torque wsed., 

All the files except the Sx, have black 
marks for WI. identification at 18,149, 20), 
22 mms for sase of monitoring the WL 
during rotation. 


Looking for simplicity, a new rotary 
system nas heen introduced consisting of 


only 3 files. 


at a 


Fig. 12. Protaper system 
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Revo-5 Nili system 
It is composed of three files [shapers and cleaners}: 
L- SCI: 


* Which has 6% taper, 2lmm length and is 
equivalent to size#25 ISO, 


* It is intended to reverse flare the 
cervical and middle thirds prior to WL 
determination. 


2- SC? (shaper and cleaner 2): 


s It has 4% taper, 25-29 mm in lengtn and is 
equivalenl lo size#?5 ISO al DI. 


¢ Intended to work to the full WL after WL 
determination either electronically or 
radiographically. 


3- SU (shaper universal): 


e With 6% taper and equivalent to size #25 
ISO a DL, 25-29 lengli. 


e Works along the full WL to finish the 
preparation to size #25, taper 6%. 


¢ The unique feature in this system 1s that tne. 
SC! and SU files have asymmetrical cross 
section. This means tnat the mstrument is 
zoing to touch the canal walls at one point 
wih the other lwo pomis Cree fro Lue canal 
walls watch alternate durme the file rotation. 
So tne blades touch the walls and become 
fræ alternatively durme rotation leading to 
a snake like movement during rotation. 


Tus contacting and freeing of the blades 
trom the canal wall (snake-hkc motion) Icd 





Fig. 14. Soake-like movement of the Revo-5 system 
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Fig. 14. Steps for using Revo-§ system 


to reduction of the stresses on the instrument, 
reduce fracture rates, better canal maneuvering 
and removal of the cut debris in a coronal 
direction. 


All rotary Nil files are designed to have 
non-cutting pilot tips to avoid canal ledges, 
perforations and apical zipping. Finally, tne 
ideal file design is yet to develop as non of the 
available systems contacts the roct canal walls 
L00% and we are still depending on root canal 
lrrigants to clean contaminated walls, while tne 
major role of endodontic fles remains to cut 
and shape root canal dentin. 


PROTAPER NEXT 


The success achieved using asymmetric file 
cross-sections encouraged Maillefer Dentsply 
to introduce the Protaper next series which is 
canulactured by milling specially neat treated 
NiTi alloy producing (ne M-wire which is more 
flexible than regular NiTi alloys and also more 
resistant to torsional fatigue by about (40%). 
They used rectangular cross-section which only 
contacts the canal in two peints leaving the 
other two points free. This has led to minimal 
instrument locking inside the ront canal, easier 
canal negotiation faster preparations and less 
liability to instrument separation. Duc to altered 
asymmetric cross section, the instruments are 
known to move in a sinusoidal movement with 
two blades in canal contact and two free blades 
(also known as snake-like motion). The system 
is composed of five instruments X1(O17/4%), 
A2(025/6%), X3(030/7%), M4 (040/6%) and 
X5 (059/6%). 


ese 
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CLEANING AND SHAPING 








Fig. 15. Sinusoidal movement i snaxe-like) of the 
Prolaper Next sysler 


Recently special interests are being 
directed towards reciprocation file motion with 
various degrees which varies with different 
manufacturers, the most common systems 
are those produced by Maullefer Dentsply ex: 
Reciproc and Wave ons. The interesting fact 
about Wave one is that its intended for single 


ase and a single file prepares the entire canal . 


The system is composed of three files; the 
small (071/6%) for extra small and severely 
curved canals, the medium ([[!25/8%) for 
average sized and curves and the large (040/87) 
for larger and less curved canals. 


The wave one is mounted on a special 
reciprocating motor tnak rotate 150) dogrecs 
in a counter clockwise rotation and 30 
degrees in a clockwise direction, ie: the major 
cutting is performed in a counter clockwise 
direction utilizing the Balanced-force concept 
recommended by James Rhone. 


Finally the same manufacturers are 
producing a new NilTi alloy which is heat 
treated in a very special way (industrial secret) 
producing a golden alloy that could be memary 
controlled ie: has no restoring forces inside 
the root canal and hence more flexibility and 
canal curve preservation. The newly produced 
systems are the Protaper next Gold and the 
Wave-one Gold. 


Never 


Never exceed tne recommended speed. 
Never exceed the recommended torque. 
Never push or force the instrument. 
Never reach a locked situation. 

Never increase the revolution time. 
Never skip 817.28. 

Never work dry. 


Never exceed the instrimene limits. 
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CHAPTER REVIEW QUESTIONS 





L. Discuss objectives and principles of root canal instrumentation. 

2, Critieize the citferent methods employed to teentify the cod point of canal preparation . 
3) Mention the diferent methods, materials and tecliniques used for rool canal irrigation. 
4.0 Discuss the historical advancements in ront canal preparation techniques. 


5 Mention and eriticize the different automates techniques used for root canal preparation with special 
rererence to Nickel Titanium systems. 


6 Controlled memory files opened the way to new maneuvers for the clinician in both manual and rotaty 
iashione. Explain. 
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Master degree student should be able to: 


Į Compa‘e between the properliss of different 
abturator materials aad techn gues, 


ue Intercret the appropriate obturation tachaigques ard 
materials in different clirical situations 

3. ‘valuale recent inol cana fi liig maler als. 

4, Evaluate the clin cal ard radiographic criteria ‘or 


quality obturation, 


Ph.D student should be able to: 


l. Assess the efficiency of different obturation 
materials and devices ta achieve three dimentiunal 
obturabon af various rook canal SVSLETIS. 
Recommend the appropriate obturatior techniques 
and materials in different clinica situations. 


3, Eva uate recent materials ard concepts of root 
canal obturation. 


After reading this chapter, 
the student should be able to 
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f dep Purpose of obturation 
Timing of obturation 
Apical extent of obturation 
Preparation for obturation 
Materials used for obturation 
Rout canal sealers 
Methods of obturation 


Pastobturation instructions 


206 


oot canal [nerapy may be defined 
as the complete removal of tne 
reversibly damaged dental pulp 
followed by thorough cleaning, 
snaping and filling the root canal system so that 
the tooth may remain as a functional unit witnin 
the dental areh. 





It is essential that the root canal system, must 
be scaled threc-dimensionally so as to prevent 
tissuc fluids from percolating in the root canal 
and toxic by-products from necrotic tissue and 
microorzanisms regressing into the periradicular 
tissages. 


The current accepted method of obtaration of 
prepared canals employs the use of solid or a 
semisolid core suen as gutta-percha and a root 
canal sealer as a soft core. 


Purpose of obturation 


l. To achieve total obliteration of the root canal 
space so as Lo preveni ingress of baeleria and 
body fluids into rool canal space as well as 
egress of bacteria which are left in the canal. 


bo 


To attain uid tight seal so as to prevent 
bacterial leakage. 


3. To replace tne empty root canal space with 
au inert filling maternal so as lo preven! 
recurrent infeelion. 


4. To seal the root canal space as well as to 
have coronal seal for long-term success of 
root canal therapy. 


Timing of obturation 


Factors mAuencing the appropriate time to 
obturate a tooth inclide the patient’s signs and 
symptoms, status of the pulp and periradicular 
lissuc, the degree of difficulty, and patient 
management. 

Patrent symptoms 
* IÍ a palient presents wilh sensiivily on 
percassion, it indicates inflammation in 


the periodontal ligament space that better 
resides first. 


OBTURATION OF THE ROOT Cee ae Et 


* With irreversible pulpitis, obturation can be 
completed in single visit if the main source 
of pain (the pulp) has been removed. 


Puip and pertradicufar status 


«  Teetn with vital pulp can be obturated in 
the same visit. 


* Tein with necrotic pulp may be 
completed in single visit if tooth 1s 
asymptomatic. 


* Presence of eyen shignt purulent exudate 
may indicate possibility of exacerbation. 


Negative culture 


The reliance on negative cultures has decreased 
now as false negative results can zive Inaccurate 
assessment on microbial flora and positive re- 
suls do not indicate lhe polenual pathogenicily 
of bacteria. 


Apical extent of obturation 


Obiuravion should be dune al the level of the 
dentinncemental junction (ICI) described as the 
minor apical diameter that ends 0.5mm short of 
the apical foramen in young patients and 0.7mm 
short in older patients Fig (t). 


Tous, overextension and overfilling of the root 
canal system should be ayoided. 


Overfilling is complete obturation of the root 
canal system with excess material extruding 
beyond apical foramen. Overextension is 
extrasion of Alling material beyond tne apical 
foramen but the canal may not nave been 
completely Ulled. 


Preparation for obturation 


During the cleaning and shaping process, organic 
pulp tissue materials and inorzanie dentinal 
debris accumulate on the canal wall, producing 
a surface film of debris that is amorphous and 
reg Jlar called the smear layer. The smear layer 
is | to 3 pm in thickness and can be packed 
into the dentinal tubules to various distances. It 
consists of dentin particles, remnants of vital and 
necrotic pulp tissue, bacterial components, and 
retaimed irrigant. 


& CLINICAL ENGOCGONTICS 


Tne advantages and disadvantages of the 
smear layer removal remain controversial; 
however, tts removal before obturation ts, 
asually, recommended. Keeping the smear layer 
predisposes to leakage throagno inhibiting the 
direct conlacl between lhe sealer aud the canal 
walls and is Curther disintegration by acids and 
enzymes that are produced by viable bacteria, 
Moreover, lne presence of orgame debris in lhe 
stnear layer migni provide areseryolr of aulrienls 
allowing bacterial growth. The presence of a 
smear layer may, also, decrease the effectiveness 
of root canal irrigants and interappointment 


disinfectants. 


After tne completion of cleaning and shaping 
procedures, removal of the smear layer is 
sencrally accomplished by irrigating the canal 
with 17% disodium cthylenediaminctctraacetic 
acid (KIYTA) and 525% sodium nypochlorite 
(NaOCl. EDTA is tne most tregucntly used 
irrigant for smear layer removal (Fig.2) because. 
it is able to chelate and dissolve its mineralized 
content. Sodium hypochlorite is necessary 
for tne removal of the remaining organic 
components. Irrigation with 17% EDTA for 
1 min followed by a final rise with NaOCl or 
salme ts arecommended method, Citric acid has, 
also, been shown to be an effeelive method Cor 
removing (he smear layer, as has tetracycline. An 
additional method for removing (he smear layer 
Involves sonic and ulirasonic Instruments. 
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Fig. |. Anatomy of the apex 
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Fig. 2, Dentine wall after smear layer removal. 


Materials used for obturation 


Tnese materials may be introduced into tne 
canals m different forms and may be manipulated 
hy different ways. Girossman groaped acceptable 
filling materials into plastics, solids, cements 
and pastes. He also delineated ten requirements 
for an ideal root canal filling material, 


Characteristics of an ideal root canal 
filing material 

l. Easily introduced in the canal 

2. Seal canal laterally and apically 

4. Dimensionally stable after being inserted 

4, Impervious to moisture 
5 should 


Bactertostatic or at least ot 


encourage baterial growth 
Radiopaquc 
Non-staining to tooth structure 


Non-irritating 


oD 


Sterile/easily sterilized. 


10. Removed easily from canal if required. 


Materials used for obturation 
* Plastics: Gutta-percha, resilon 


* Solids or metal cores: Silver points, gold, 
stainless steel, titanium and irndio-platinum. 

* Cements and pastcs: Scalers, nydron, MTA, 
calcium phosphate, Gutta flow. 
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OBTUARAATION OF THE HOOP CANAL SYSTEM 


Gutta-percha 

Gutta-percha was mitially used as a 
restorative material and later developed into an 
indispensable endodontic tiling material. Gutta- 
percha is derived from two words: GETAH, 
meaning gum; and PERTJA, name. of the tree. 
Cuitta-percha is a dried coagulated extract which 
1s derived from fropicel trees. 


Chemistry 


Its molecular structure is close to natural rubber, 
which is a rratis-isomer of polyisoprene. 


Phases of gutta- percha 


Chemically, pure gutta-percha exists m two 
different crystalline forms, i.e. a and A which 
differ in molecular repeat distance and single 
bond form. Natural gutta-percha coming directly 
from (he (ree is im G-form while the mosi 
commercially-available products are in 6-form. 
These phases are interconvertible. 

Alpha (rt) form is pliable and tacky at 56°-64°C, 
runny and sticky (lower viscosity), available tn 
the form of bars or pellets and is used in many 


thermoplastic ized obt aration techniques. 


Beta (§} form is rigid and solid at 42°-44°C, 
compactable and elongatable (higher viscosity) 
and is used in the manufacturing of gutta percha 
points and sticks, 


Amorphous form exists in molten stage. 


Components of commercially-avaitable 
gulla-percia 


Commercially-available gutta-percha, nowever, 
is composed of: 20% organic matrix (gutta- 
percna), 66% inorganic fillers (zine oxide); 
ll% inorganic radioopacifiers (heavy metal 
sulphates); 3% organic plasticizers (waxes 
or resins}, In other words, organic content 
including gutta percha and waxes comprises 
23%, woile inorganic content including filler and 
radioopacifiers comprises 77%. 


Properties of gutta-percha 


Onheating, gutta-percha expands wnich accounts 
for increased volume of material which can be. 
compacted mto the root canal. Gutta-percha 
contracts as if returns to normal temperature. 
So, verlical pressure should be applicd in all 
warm gutta-percha techniques to compensate Cor 
volumne change. 


Aging of gutta-percha causes brittleness because 
of oxidation process. Storage under artificial 
light also speeds ap deterioration. Such brittle 
eutta-percha could he rejuvenated by immersing 
it in hot Water (335°C) for 1-2 seconds and then 
immediately immersed tn cold water for few 
seconds. 


Gutta-percha can not be heat sterilized. For 
disinfection of gutta-percha points, they should 
be immersed in 3.25% sodium hypochlorite 
(NaOC) for one minute (hen rinsed in hydrogen 
peroxide or ethyl] alcoho! to remove crystallized 
(NaOCl) that can impair obturation. 


Gatta percha should always be used with sealer 
cement to seal root canal space as gutta-percha 
lacks adnering qualities. 


Cutta-percha is soluble in certain solvents 2g. 
enloroform, eucalyptus oil, orange oil. This 
property can be used to plasticize gutta-percha 
for belier filling in the canal. M has been shown, 
however, that gutta-percha shrinks |-24% when =! 
solidifies. This property could, also, be used to 
facilitate filling removal in case of retreatment. 


Gutta-percha can also show some tissue irritation 
due to its high content of zine oxide. 


Advantages of guffa-percha 
Compactability: adaptation to canal walls. 
* MIJnertness: makes it non-reactive material. 
* Dimenstonally stable. 
* [issue tolerance. 


* Radtoopacity: easily recognizable on radio- 


graphs, 
* Plasticity: becomes plastic when heated, 


* Pissalves in some solvents 





Disadvantages of gutta-percha 


Lack of rigidity: bends when lateral pressure 
is applied. 


Easily displaced by pressure 


lacks adhesive quality. 


Different forms of gutfa-percita 


l 


tì 


=] 


Gsutta-percha points: standard cones nf 
the same size and snape as that of ISO 
endodontic instruments. 


Auxillary points: non-standardized cones. 


Gsreater-Taper (or Incrcased-taper) gatta- 
perena pomts: available in 4%, 6%, 8%, 
A 

Gulla-percna pellets/bars; used in (hermo- 
plasticized gutta-perena obturation tech- 
niques e.g. Obtura system. 


Preenated core carrier gutta-percha: 
stainless stecl, titanium or plastic carricrs 
are precoated with alpha-phase eutta-percha 
e.g. Thermafil system. 


Syringe systems: they use low viscosity 
gutta-percha powder e.g. Successfil and 
Alpha seal systems. 


Ciuttaklow: gutta-percha powder incorpo- 
rated mto silicone-based sealer. 


Coated gutta-percha points: Gutta percha 
cones could be resin coated (e.g. EndoREZ 
points), glass ionomer impregnated (e.g. 
Activ GP), or bioceramic coated (e.g. 
EndoSequence BC Points). 


Coated gutta-percha pomis 


EndoREZ Points: They are standard ISO- 
sized gutta percha points coated witn a thin 
rasm coating of polybutadiene diisocyanate- 
melhacrylale adhesive, which bonds 
chemically to EndoREZ@., They are the first 
gutta perena points to achieve a chemical 
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bond with ECndoR EZ sealer and other resin- 
based sealers, providing a more effective 


seal than traditional gutta percha. 


* Activ GP: Activ GP (Brasseler USA) 
consists of gutta-percha cones impregnated 
on the external surface witn glass ionomer 
(Fig. 3). Single cones are used with a glass 
ionomer sealer. Available in 0.04 and 0.06 
taper cones, the sizes arc laser verihed to 
help ensure a more precise fit. The single 
cone technique is designed to provide a 
bond between the dentinal canal wall and 
Lhe master cone, 


* EndoSequence® BC Points: EndoSe 
quence® BC Points™ are gutta prha cones 
impregnated and coated with bioceramic 
nanoparticles. The binecramme particles in 
BE Points™ bond with the bioceramuic par- 
ucles found in BC Sealer™ to form a true 
gap-free seal. 





Fig 3. Activ GP system. 


Silver cones 


They have been used in dentistry smece 1930s 


but their use nowadays has declined because of 


(heir COrrosion. 


Silver cones contain traces of metals like 
copper and nickel woien add up to corrosion. 


204 


210 


OBTURATION OF TIIF ROOT CANAL SYSTEM 


The corrosion products were shown to be toxic, 
thus, may cause tissuc injury. 


Duc to their stiffness, silver concs were mainly 
Indicated in round, tapered and narrow canals. 
They cannotconform to the canal shape as they 
lack plasticity; their use 1s, thus, not indicated in 
filling large, oval canals. 


Silver cones do not possess adhering qualities, so 
a sealer is required to adequately seal the canal. 


Resilon 


A new material, Resilon (Epiphany) has heen 
developed to replace eutta-percna and traditional 
sealers for root canal obturation. 


Resilan core material is a thermoplastic 
syithedie polymer based (polyester) rool vanal 
filling material that contains bioactive glass and 
radioopaque fillers. Resi/on seateris a dual-cured 
resin based composite sealer. Resilion primer is 
a self etch primer that enables bonding of the 
sealer to the walls of the canal space creating a 
monoblock. 


It can offer solutions to the problems 
associated with eulta-pcrena as shrinkage 
of gutta-percha on cooling; since it docs not 
hind cnemically to sealer, tnus, results in zap 
formation between tne sealer and gutta-percha. 


Resilon only shrinks 0.5% and is chemically 
bonded to the sealer by polymerization; no gaps 
are, thus, seen due to snrinkage. 


Root canal sealers 


The purpose of sealing root canals is to 
prevent periapical exudates from diffusing into 
unfilled part of the canal, to avoid reentry and 
colonization of bacteria and to check residual 
bacteria from reaching the periapical tissues. 
Therefore, to accomplish affurd frg hf seal, a root 


canal sealer is used. 


Functions of sealers 


* Lubricant and aid m seating of the master 
cone, 

* Act as a binding agent between tne fillime 
material and canal wall and between tne 


core matcnals’ concs if scveral are used. 


* Fill patent accessory canals, multiple 
foramina, voids and irregularities. 
* Antimicrobial agent. 


e Have been shown to influence tne outcome 
of root canal treatment. 


Requirements of an ideal root canal 
sealer 


Grossman listed eleven requirements of a yood 
root canal sealer: 
l. It should be wacky when mixed so as to 


provide good adhesion between it and the 
canal wall when set. 


2. It should create a nermetic seal. 

3, It should be radioopag ue. 

4. The particles of powder should be very fine 
so as to be easily mixed. 

5. Itshould not shrink upon setting. 


It should not stain tootn structure. 


7. it should be bacteriostatic or at least not 
encourage hactenal growth. 


&. It should set slowly. 
9. It should beinsoluble in tissue fluids, 


li. It should be tolerant, non-irritatme to 
periraduicular tissue. 


lL. It should be soluble in common solvents if it 
is to be removed. 


The following were added to Grossman's Li 

basie requirements. 

l. It snould not provoke an immune response 
In periradicular lissue. 


2. Ti should neither bernulagenie norearcinogenie. 


H 
en 


Classification of root canal sealers 
(cements) 


Sealers can be broadly classified according to 
their composition into: 
L. Zinc oxide and eugenol-based. 
2. Calcium hydroxide-based sealers. 
Combination sealers. 
Medicated sealers, 


Siicone-based sealers. 


Glass lonomerc-based sealers. 


3 
4 
5 
6. Polycarboxylate-based sealers. 
7 
8. Rosin-hascd sealers. 

9 


Calcium pnospnate cement (c.g. Appatite 
root canal sealer}, 


. Caleium silicate-based sealer (e.g. iRoot SP, 
MTA Fillapex). 


l) Zine oxide and eugenol-based sealers: 


* Rickert’s formula (or Kerr root canal 
sealer) 


The original zinc oxide-cugenol sealer was 
developed by Rickert. It was developed as an 
alternative to the gutta percha-based sealers 
(chloropercha and eucaperena sealers) as they 
lack dimensional stability aller selling. However, 
its content of silver, added for radioopacity, 
made the sealer extremely staining causing 
severe discoloration of the tecth. In #958, 
Grossman recommended a non-staining formula 
as a substitute, 


Grossman’s sealer formula is as follows: 


Fable (1) Grossman's Jorida. 





Pow wer Liqui 
Zine oxide (reagent) o 40 parts 
Slaybelle resi 3D pacts 
SisthinusSubcarbonate 15 parts Eugenol 
Bari. Sullate 15 pacts 
Sodium Borate | part 


~ 
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Setting time 


Cement hardens approximately in 2 pours al 


AS AS 


Advantages 


lL. Extended working time but set Casler in the 
toon duc to body temperature and humidity. 


2. Plasticity. 


3. Good sealing potential due to little yolumet- 
rie change. 


Disadvantages 


Zinc eugenolate is decomposed by water through 
continuous loss of eugenol, which makes zine 
oxide eugenol a weak unstable compound. 


N.B. 


To overcome the irritating quality of eugenol 
and the tendency of zinc eugenolate to be de 
composed by water, a non-eugenol sealer, No- 
cenol, was developed. Tne base is zme oxide 
and barium sulfate as radioopacifier with other 
ingredients along with vegetable oil as liquid. 
Se‘ung is accelerated with hydrogenated rosin, 
chlorothymol] and salicylic acid. 


7) Calcium hydroxide-based sealers: 


Calcium hydroxide has been used m endndontics 
as an intracanal medication or as a sealer incom 
bination witn a solid core material. Its alkalinity 
stimulates the formation of mineralized tiss.te. 
Calcium hydroxide-based sealers can induce 
mineralization, induce apical closure via cemen- 
togenesis, inhibit root resorption, inhibit osteo- 
clast activity. They are less toxic than zine oxide 
and sugenol-based sealers. 


Disadvantages 


Calcium hydroxide content may dissolve to re- 
lease calcium hydroxide for its osteogenic effect, 
leaving ob: uration voids, 
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» Sealapex 


[bisa non-eugenol calcium uvdroxide polymeric 
resin sealer delivered as twn pastes in collaps- 
ible tubes. It has good therapeutic effect and 
is biocompatible. Extruded material resorbs 
in 4-Smonths. However, it has poor cohesive 
strength, and takes a long time to set (3 weeks). 
[t absorbs water and expands on setting. 


fable (2) Sealapex com position, 


Biase Calalyst 
Calzini bryclrciaice aTh Barium sulfate ER 
fing oxide 6.5% Titanium oxide 4 [% 


ine stearate Ie 
lscbutyl saheylate 


alsium oxide 
Butyl benzene 
Tamed silica Disalicylate 
Frsalizylate 
Sisihmus oxida 


¢  Apexil 


lt is a calcium hydroxide based sealer available 
In syringes. it is biocompatible, easy bo mix, ra- 
dioopaquc and hard sctting. 


3) Combination sealers: 
* Tubliseal 


Tne formala of this sealer is based on a combi- 
nation of zinc oxide-eugenol and resin marketed 
as a two-paste system. It sets in 20 min on the 
Blass slab and 5 min in the ront canal. It is easy 
to mix, extremely lubricating, does not stain the 
tooth and expands after setting. However, it is ir- 
ritant to tissues, has very low viscosity and snort 
working time. It could be recommended when 
apical surgery is to be done after filling. 


© CRCS (Calcosbiotic Root Canal Sealer) 


CRCS is a zine oxide and eugenol-eucalyptol 
sealer to which calcium hydroxide has heen 
added for its osteogenic effect. It takes 3 days to 
Pally set either in dry or humid environment. L 
shows very ttle water sorption making it quite 
stable. This improves sealing, but brings osteo- 
genic effect into question. 


4) Medicated sealers: (N2, SPAD, Fndomthasone) 


These are medicated variations of zine oxide 
and cugenol-bascd sealers. Paraformaldchyde, 
and sometimes corticosteroids, was added to 
zinc oxide-eugenol cements. The most common 
denominator of these medicated sealers is form- 
aldehyde in one form or another. These sealers 
constantly release formalin which causes pro- 
longed fixation and antiseptic action. It is tnis 
dissolution that breaks the seal and leads to their 
destructive behavior. Since formalin is a tissuc- 
destructive cnemical, these sealers are listed as 
ie namber one uritan. The degree of irritation 
is severe with overhilling when N2 is forced into 
the maxillary sinus or mandibular canal where 


persistent paraesthesia is observed. 


5) Silicone-based sealers: 
* Roeko Seal 


l shows low Olm thickness, good flow, biovoms- 
patibility and low solubility. lts main component 
is polydimethylsiloxane. Instead of snowing 


shrinkage, it shows 0.2% expansion on setting. 


* GuttaFlow and GuttaFlow 2 


GuttaPlow and GuttaFlow? (Coltene/W haledent) 
are cold, flowable matrices that are to be trita 
Taled, They consist of gutta-percha in particulate 
form (less than 30 um) added to RoekoSeal. ‘The 
material is provided in capsules for Trituration 
(Fig. 4). The techmyue involves wuyection of the 
materia! into tne canal, followed ny placement 
of a single master cone. The material provides 
a working tune of 15 mimutes and it cures in 25 
to 30 minutes. The material can fill canal irreg- 
laritics with consistency and is biocompatible. 





Fig. 4. GutiaFlow. 


Disadvantages 


The setting time is inconsistent and may 
be delayed by final mrigation with sodium 
hypochlorite. 


6) Polycarboxylate-based sealers: 


Polycarboxylate cement is essentially a zinc ox- 
ide and polyacrylic acid. It sets very hard, ad- 
heres well to dentin, and is insoluble in water. 
Unfortunately, it is viscous, sets ‘oo rapidly, and 
is impossible to remove; thus, nas been aban- 
doned as root canal sealer. 


D Glass tonomer-based sealers: 
* Ketae Endo 


{lass 1onomer sealers have the ability ‘a form 
adacsive bond with denim. They possess good 
flow, low surface tension, minimum voids and 
good sealing ability. On the other hand, its great- 
est disadvantage is that it cannot be removed 
from ‘he root canal in case of retreatment since 
there ts no known solvent Cor glass tonemer. — 


" Activ CP system scaler 


Activ GP (Brasseler USA, Savannah Georgia) 
consists of a glass tonomer—impregnated rutta- 
percha cone with a 2lass tonomer external coat 

ing and a glass tonomer sealer. Tris smgle-cone 
techn:que Is des: encd to provide a bond between 
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‘he dentinal canal wall and the master cone 
(monoblock). 


8) Resin-based sealers: 


Resin scalers have a long history of usc, provide 
adnesion, and do not contain eugenol. There are 
two major categories: epoxy resm—based and 
methacrylate resin—based sealers. 


A. Epoxy resin-based sealers: 
a AH-26 


AH-26 ts an epoxy resin, marketed as a powder 
and liquid. Epoxy resit-based sealers are cnar- 
actenzed by the reactive epoxide ring and are 
polymerized by the breaking of this ring, Tne 
original formulation has been altered with ‘he re- 
moval of silver as one of the constituents to pre- 
vent tooth discoloration. It sets slowly in 24 to 
46 hours at hody temperature. It is not sensitive 
to moisture and sets even under water but will 
not set in the presence of hydrogen peroxide. 


Advantages 


1. Good adhestve property to dentin especially 
with the removal of the smear layer. 


2. Good flow, 

3. Antibacterial, 

4. Contracts slightly on hardening. 

5. Low toxicity and well tolerated by periapi 
cal tissues. 

Disadvantages 


As E sets, AH-236 releases traces of formalde- 
hyde temporarily. 


= Thermaseal 


A formulation that ts very similar to AH-26 and 
Inghily rated for sealing ability and tissue toler- 
ance. It can he used with warm condensation ob- 
turation techniques. 
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* AH Plus (also Topseal) 


It is an epoxide-amine resin sealer developed 
from its predecessor AH-26 because of color and 
shade stability; the material of choice for aesthet- 
ic demands. It 13 a two-pastc system that closely 
adapts to dentin walls with minimal shrinkage 
upon setting as well as oatstanding dimensional 
stability and scaling properties. Its working timc 
is 4 hours and its setting time is 8 hours. Its com- 
position is as follows: 


Table (3) AH Pius composition. 


Ame Paste 


| -adamantane amine 


Epoaide Paste 





Dicpoxside 
Calcium tungstate} = IN’-dibenzyl-5-oxa-nanandiamine-I 9 


Zirconium oxide TECD-Camice 


Acrosil Calcium tungstate 
Pig ment Zirconium oxide 
Aerosil 
Silicone oil 


In addition to the tubes’ delivery, the proven 
and unchanged AH Plas sealer chemistry ts now 
available as AH Plus Jet™ Mixing Syringe 
(Fig.5). The new double-barrel syringe signifi- 
cantly improves working ergonomics. AH Plus 
Jet comes with a miximg tip, which automatically 
mixcs the sealer components in ideal ratin. It is 
equipped with an intra oral tip adjustable to indi 
vidual anatomi: conditons through rolalion and 
angulation. Vhas, AH Plus te’ allows direct ap- 
plication of the sealer into the root canal orifices. 
The sealerean be clinically applied with a single 
hand. 
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Fip. 5. AH Phis Fei. 
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B. Methacrylate resin-based sealers: 


Four generations of methacrylate resin-based 
sealers (MRBS) have been marketed for com- 
mercial use. 


+ First-generation methacrylate resin- 


based sealers 


Hydron (Hydron technologies, Inc. Pompano 
Beach, FL, USA) is a rapid setting, hydrophilic 
plastic injectable material to be used without a 
core and was extensively used to All the root ca- 
nals in the late 1970s. [t consists of 2-hydroxy 
ethyl methacrylate (HEMA). It is a biocompat- 
ible material. However, it has a short working 
time and very low radioopacity. It is irritant to 
the periapical tissues and difficult to remove. 
Hydron is an example of a primary monoblock 


® Second-peneralion methacrylate resin- 
based sealers 


Sccond-gencration MRES matcrials do not de- 
pend on scparate dentin conditioning. This sen- 
cration is dependent on the penctration of the 
hydrophilic sealer into the dentinal tubules and 
lateral canals following removal of the smear 
layer, This forms a hybrid layer by creating resin 
tags with the collagen networs. An example of 
this generation is EndoRE# Sealer (Ultradent 
Products, South Jordan UT), EndoREZ was in- 
troduced by coating gutta-percha; cones with a 
polybutadiene diisocyanate—-methacrylate adhe- 
sive. The sealer can be used with gutta-percha 
or with resin coated gutta-percha: the latter with 
the objective of forming a monoblock. It is a 
two component system in a double-barrel au 

tomix syringe. The sealer has hydrophilic quali- 
ties and, hence, can be used in root canals that 
pose a challenge of moist environment. In this 
system, no dentin adhesive is employed. Bond 

ing between the gutta percha cone and the sealer, 
which in turn can bond well to the canal wall, 
could establish a complete monoblock seal, 
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¢« Third-generaftion methacrylate resin- 


based sealers 


As the resin era improved, a third generation of 
self-elvhing sealers was introduced, woich con- 
tained self-ctehing primer along with dual-curcd 
resin sealer for root canal obturation procedures. 
This introduces the voncepl of incorporaling 
tne smear layer in the scaler—dentin interface. 
Examples of this generation are Epiphany 
(Pentron Clinical Technologies) and RealsSeal 
(SybronEndo, Orange, CA, USA). 


Epiphany is a third generation dual-cure resin- 
based sealer. This system uses a self-etching 
primer and comprises a Resilon cone (Fig. 6). 
Tne Epiphany sealer, being dual cure, takes 
about 45 minutes to completely self-cure in tne 
canal, and hence presents ease of handling. It can 
be light cured to actieve a hard coronal seal im- 
mediately to prevent any contamination 188168. 
Tne premise behind the material is tne formation 
of a monoblock, tnat is, the primer forms a ny- 
brid layer witn dentin,which bonds to sealer and 
len bonds to ine Resilon core. Resilon/Epipha- 
ny sealer was then introduced again as RealSeal 
by adding a thinning solvent ethoxylated bisphe 
nol-A-dimethaerylate lo adjust Loe viscosity but 
did rot include photoactivation. 





Fig 6 The Epiphany system. 
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Fourth-generation methacrylate resin-based 
sealers 


Fourth-geseration MRR Ss are fanctionally simi- 
lar and comparable to sclf-adnesive resin luting 
composites in tnar they have furtner eliminated 
the separate etching bonding step. Dentin-adhe- 
sive primers arc sow incorporated into the resin- 
based sealer/composite to render tnem self ad 
hesive to dentin substrates. Tne combination of 
an etcnant,a primer, and a sealer into an all-in- 
one sclf-ctching, self-adhesive scaler is advan- 
tageous in that it reduces the application time 
as well as errors (hal mught occur during each 
bonding step. Therefore, in theory, tne bonding 
mechanism of self adhesive sealers is similar to 
self-adhesive resin materials. These materials 
are relatively new, and detailed information and 
rescarch is limited. Examples of this generation 
are MctaSEAL (Parkell) and RealSeal SE and 
RealSeal 1 (SybronEnde). 


MetaSEAL is the first commercially available, 


fourth-generation, self-adhesive, dual-cured 
scaler. It 18 recommended for use cxclusively 
with cold compaction or single cone techniques. 
The sealer purportedly bonds to (oermoplaslic 
root-flling materials as well as radicular 
dentin via the creation of hybrid layers in both 
substrates. 


RealSeal SE is the simplified, dual-cured ver- 
sion of RealSeal The acidic resin monomers in 
the self etening primer are incorporated in the 
RealSeal SE sealer, thus making the technique 
an all-in-one step. Tne sealer is claimed to bond 
to both the Resilon core and radicular dentin 
via hybrid layers in botn substrates, leading to a 
monoblock unit. 


9) Calcium Phosphate Cement: 
« Appetite Root canal Sealer 


Scvcral root canal sealers compnsed of hydrox y- 
apatite and tricalcium phosphate have been pro- 
moled. They are in a powder and liquid form 
where the liquid is polyacrylic acid and water, 
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10) Calcium silicate-based sealers: 


They are sealers that have calcium silicate as 
their main component, set nard and are stable 
in constantly wel environment. They have sood 
sealing ability and biocompatibility and stimu- 
late periodontal regeneration. Tney can be cither 
mineral trioxide aggregate {MTA)-based sealers 
or bicceramic based sealers. 


A. MTA-based sealers 


MTA is composed principally of Portland ce- 
ment with the addition of bismuth trioxide to 
render it radiopaque. Hydration of MTA forms 
calcium silicate hydrate (CSH) gel that adheres 
to (he gulla-percha cone. As a sealer, il adheres 
well to dentin and core obtarating material, has 
cohesive. strength and wetting properties, and 
has low visensity and low cytotoxicity. The 
novel scaler based on MTA has efficacious seal- 
ing ability. When in contact with simulated body 
fluid, it releases calcium ions in solution and 
encourages the deposition of calcium pnospnate 
crystals. However, MTA-based rool canal seal- 
ers still do not falfill all the criteria described by 
Grosman. Clarrently, lixamples of MTA sealer 
formulations arc MTA Fillapex (Angelus Odon- 
to) and PraRoot Endo Scaler (Dentsply Maille- 
fer, Ballaigues, Switzerland). 


MTA Fillapex ts made of two pastes. The first 
pasts contams MTA-based salicylate resin, bis- 
muta trioxide, and fumed silica. The other MTA- 
Filapex paste contains fumed silica, titamum 
dioxide, MTA (40%), and base resin. Salicylate 
resin is tissue friendly. MTA within the mixture 
reacts with water from the dentinal fluid. It ex 
hibits an alkaline pH, has a good flow rate, has 
a working lime of 35 minutes, is antimuecrobial, 
and has a low film thickness to easily penetrate 
into the accessory canals. However, it can be. 
very soluble. 





Pro-Root Endo Sealer is another calcium sili- 
eate—based endodontic sealer. The major compo- 
nents are tricalcium silicate and dicalcium sili- 
calte, wilh inclusion of calcium sullale as seime 
retardant, hismutn oxide as a radiopacitier, anda 
small amom: of tricaletam aluminate necessary 
for the wutial bydra‘tion reaction of the cement. 
The liquid part consists of viscous aqueous sola- 
tion of a water soluble polymer to improve the 
workability and flow without affecting its bio- 
compatibility of the material. 


E. Bioccramic-based scalers 


The properties associated wito bioceramics, saen 
as being nontoxic, are vory advantagcous to den- 
tistry. They can be classified as ioinert, bioac 

live, or biodegradable, Biomert materials do not 
interact with biological systems. Bioactive matz- 
rials are durable tissues that can undergo interfa- 
cial interactions with surrounding tissue. Biode- 
eradable materials are eventually replaced or are 
incorporated into tissuc. Numerous bioccramics 
are curremly in use in dentistry. Calcium sili- 
cates sucn as MTA and BioAgerezate (DiaDent, 
Burmaby, BC, Canada) arccxamples of bioactive 
bioceramics. They are nontoxic, biocompatible, 
do not snrink, and are chemically stable within 
the biological environment. They do not result 
in an inflammatory response if an overfill occurs 
during the obturation process and nave the abil- 
ity to form hydroxyapatite and to create a bond 
between dentin and tne appropriate filling ma- 
terials. A bioceramic based sealer, however, is 
a lemn usually used wilh sealers (hal are bivay- 
eregate-hased sealers. Examples of broceramic- 
based sealers are iRoot SP (injectable root canal 
sealer) (InnovativeBioCeramix, Vancouver, BC, 
Canada) that is also known as LEndoSequence 
BC Sealer (Brasseler) (Fig. 7). The major in- 
organic constituents include tricalcium silicate, 
dicaletum silicate, valeram phosphates, colloidal 
silica, and calcium hydroxide. It, also, contains 
Zirconium oxide as a radiopacifier and a water 
free-vehicle that thickens the paste system. It is 
available as a premixed paste in a syringe with 
intraoral tips to deliver the paste inside the root 
canals. 





Fig. i EndoSecqucnee BC sealer. 


Monoblock concept 


The term monoblock, meaning a single unit, has 
been employed in dentistry since the tum of the 
century. A monablock obturation system is the 
Unit in which the core material, sealing azent, 
and the root canal dentin form a single cohesive 
unit. There are two prerequisites for the mono- 
block to function as a mechanically-homoge- 
neous unit. First, the materials that constitute 
the monoblock should have the ability to bond 
strongly and mutually to each other, as well as 
lu the substrate that the monoblock is intended 
lu cemlurce. Second, these materials shuuld have 
a modulus of elasticity that is simular to that 
uf the substrate. Munublucks in the root canal 
spaces may be classified as primary, secondary, 
ortertiary depending on the number of interfaces 
present between the bonding substrate and the 


bulk material core (Fig. 8). 





Fig. §. The monoblock concept. 


TECHNICA. & CLINICA_. 2NDODONTICS 


Y F 


Primary monoblock 


Primary monoblock has a sinale interface that 
extends circunwerentially between the material 
and the root canal wall. Hydron and MT Aare ex- 
amples. Orthograde obturation with MTA iPro- 
Root MTA, Dentsply Tulsa) as an apexification 
material represents a contemporary version of 
the primary monoblock in attempts to strength- 
en immature tooth roots. The lack of sufficient 
sirengih and stifness is the major drawback, 
and this Jed to the development of secondary 
monablocks, 


Secondary monoblock 


Conventional scalers do not bond strongly to 
dentin and gutta-percha; therefore. gutta-percha 
dues not fornu a monoblock, even with the use 
of a resin-based sealer. Although glass 1onomer 
cements and resin-modified glass lonomer ce- 
ments bond to root dentin and have been mar- 
keted as root canal sealers, they do not bond to 
gutta-percha. The combined use of a sealer and 
a core material introduces additional interfaces 
infu a monubluck during obluralions. Secondary 
monoblocks have two circumferential interfaces, 
one between the cement and dentin and another 
between cement and the core material. This is of 
greal uuportance in restorative and endodontic 
practice. A classic example is the use of sealer 
for obturation, wherein one interface is between 
the gutta-percha point and sealer and the second 
oe 1s between the sealer and the root canal wall. 
Examples arc Resilon and 1Root SP. The concept 
was to create a root canal monoblock to achieve 
a totai bond and a total seal of the root canal 
space. 


Tertiary monoblock 


A turd circumferential interface is introduced 
between the bonding substrate and the abutment 
material by coating the non-bondable gutta-per- 
cha with materials that make them bondable to 
the sealers, thus, creating tertiary monoblocks. 
Hecause the tertiary interface exists as an extcr- 
nal coating on the surface of the zutta percha, 
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such systems are designed to be used with either 
a single-cone technique or placement of acces- 
sory cones witnout lateral compaction, to avoid 
disrupting the extemal coatings. Examples of 
tertiary monoblock are ActiveGP and EnduREZ 
(Ultradent, South Jordan, UT). 


Testing the proper consistency of sealers 


The root cacal cement should be mixed to a 
thick creamy consistency. It should not be mixed 
too thin, but also not so viscous that it will not 
flow hetween gutta-percha points or penctratc 
surface irregularities, accessory and lateral 
canals. The tdeal consistency permits ample 
chnical working time and minimal dimensional 
change. The following methods are used to 
determine the ideal consistency of tne cement 
mix (Fig. 9): 





Fig. 9. Testing sealer consistency. 


- Prep Test: 


The soft cement mix is gathered onta ‘he 
spatula which is then held edgewise. Tne cement 
mass should not drop off the spatulas edee tn 
less than 10 to 12 seconds. 


-  String-niet fest: 


The flat surface of the spatula ts placed on ‘he 
top of tne cement mix and ‘then lifted up slowly. 
The cement should strmg ou‘ at least an inch 
without breaking. 


Methods of scaler placement 


Various metnods are employed. The common of 
which are: 


l. Coating the master cone and placing the 
sealer in the canal wito a pumpme action. 


2. Using a Lentulo spiral. 


4. Placing tne sealer on tne final fle used at 
the working length and turning the file 
counterclockwise, 


4, Injecting the sealer with special syringes. 


Radiographic evaluation of the quality 
of filling 

‘The radingraphic criteria for evaluating 
obturation include the following categories: 
length, taper, density, gutta-percha and sealer 
removal to the facial cemen‘o-enamel junction in 
anterior teeth and to the canal ortfice in posterior 
teeth. and an adequate provisional or definitive 
restoration. 


Obtaining the Master Point (Initial 
point, Primary point) 

When tne canal ts ready for filling, the 
fit of the master potnt is the most impor‘an‘, 
Gutta-percha has been standardized in size and 
shape to match the standardized instrument. 
Presumably, a master point the sarne size of the 
insirumenl tua prepared the apical third of the 
canal will fit exactly. However, the pom: must be 
tested in place; which 1s known as the ‘trial point 
measurement’. 


Before insertion, the master point snould 
be sterilized. Gulla-percha points may be 
sterilized with a germicide for 5 min in sodium 
hypoenlorite (5.25%) or hydrogen peroxide 
(3%) or chlorhexidine (2%). Silver pont ts 
held in a plier and heated over a low flame for 
a few seconds. The silver point should then be 
immersed m a germicide, woich cools the point 
and also anneals it making it more flexible. 


The master pomt should fulfill the following 
criteria: 
l. Its adjusted length is sufficient to reach the 
apical end of tne canal. 


2. The diameter of its apical end fits the 
diameter of the apical terminus. 


3, Its apical third completely fills the apical 
third of tne canal. 


The three methods used fo determine 
the proper fit of the inaster cone are: 


i. Visual test: 


The master point is measured and grasped 
with the cotton plicrs at a position cqual to the 
prepared length of the canal. Tne point is then 
carried mto the canal until tne pliers touch the 
external reference pom of the tooth. If the 
working length of the tooth ts correct and the 
point goes completely to position, tne visual test 
has been passed. 


If the pomt extended beyond the apex, it 
means tnat the apical foramen was ortgimally 
large or nas been perforated. The next larger size 
pomt snould be tried. IF the larger point does not 
go mto place, the original point may be used by 
cutting 1 or 2 mm off the tip. Each time the tip is 
cut back, the diameter becomes larger. The point 
is retried in dhe canal untl i goes imlo the correct 
position. 


2. Tactile test: 


In this melhod, the practioner depends on 
the tactile sensation to determine whether the 
point tightly fits tne canal as determined by the 
apical 3 or 4 mm of the canal, betng prepared 
with somewhat parallel walls. In such case, 
some force snould be required to seat the point 


ae a 1 A P. 


and, once in position, a pulling foree should 
be required to dislodge m. Tins is known as 
“tugback”. 


If tne point is loose m the canal, die next larger 
point is tried, or the method of cutting segments 
from the tip of tne master point, followed by trial 
and error positioning snould be used. 


3. Radiographic test: 


After the visual and tactile tests, the point 
position must be checked radiographically to 
show tnat the poini ts extending to within 1 mm 
from the radiographic apex. 


If ihe radiograph shows the point forced well 
be yond the apex, the over-extended point should 
he shortened from the tine end and tnen retried. 
In any case, it should never be pulled back to 
the proper worxing length; otnerwise, it would 
be loose in the canal (Fig. 10). 





Fig. 10. Master cone fitting 


Methods of obturation 


The main onjective of obturation ¿s the three- 
dimersional sealing of tne root canal system. 
Gutta-percha i still tne most common material 
used for root canal obturation, however, a sealer 
8 always required to lute the material to the root 
canal wall and fll canal wall irregularities. 


L. Cold guftu-percha technique; 
- Lateral compaction technique. 


Variations of lateral compaction tecnnique. 


Ll. Chemcatly-soffened cold gutta-percha: 


- Callahon-Johnston technique. 
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- Chloroform dip technique 
Hl. Warmed gutta-percha technique: 


- Vertical compaction technique. 

- System B continuous wave condensation 
technique. 
Sectional compaction technique. 

- Warm lateral compaction technique. 


IV. Phermomechanical compaction: 
- McSpadden lLechnique. 
- Ultrasonic plasticizing. 
V. Phermoplasticized tnjectable puttu- 
percha: 
- Obtura II 


- WUltrafil 3D 


VIL. Solid-core carrier insertion: 
- - Thermafil 


- -Successl 1 


-  - Simplilill 


Cold gutia-percha techniques: 
* Lateral compaction technique: 


This technique has long been the standard 
agains! which other techmgues of obturation 
have been jodged. It involves the placement of 
tapered gutta-percha cones in the canal and then 
compacting them under pressure against the canal 
wall using o spreader. The canal needs to be 
continuously tapered with a definite apical stop. 


Technique: 


- Aftercanal preparation, select a master cone 
based on the diameter of the largest file used 
in the canal up to the working length. Master 
point is notched at the working distance 
analogous to the level of incisal or ocelusal 
reference point. The master point should be 
checked visually, radiographically and by 


facile sensation, 

Select the size ul Lhe spreader to be used 
that should fit within 1-2 num of Lhe true 
working lengih and, when introduced intu 
the canal with the master cone in place, 
it should be within 2 mm of the working 
length. A silicone stop should be placed on 
the shaft of the spreader to mark the working 
length (minus l-2mm). There seems to be a 
correlatian between establishing a seal and 
the depth of spreader penctration. 


The canal should be dned by absorbent 
paper points before obturation. More than 
one point wight be needed. 


Apply the sealer mio the prepared canal (as 
previously discussed), 

The premeasured master point is coated 
with sealer and placed into the canal. The 
preselected spreader is then introduced 
alongside the master point. With a rotary 
vertical motion, the spreader is slowly 
moved apically to full penetration marked 
on the shaft with the silicone stop. Spreader 
helps in gutta-percha compaction. It acts as 
a wedge lo squeeze lhe gulla-percha laterally 
under vertical pressure not by pushing if 
sideways. 

The spreader is then removed from the canal 
by rotating it back and forth. This compacts 
tutta-percha and a space gets created lateral 
to the master point. 


An accessory (auxiliary) point is placed in 
the space left by the spreader and the above 
procedure is repeated until the spreader can 
no longer penetrate beyond the cervical 
line. Some practitioners prefer to coat each 
point with additional sealer but this is not 
necessary. 


The protruding points are then severed 
at the orifice of the canal with a very hot 
instrument. All the sealer and gutta-percha 
should be removed from the pulp chamber 
and a final radiographis takentaken (Fig. 11). 


TECHNIZ AL SCL NILALENLODCHNIILs 





Fig. 1]. Lateral compaction tcehnigue 


* Variations of lateral compaction 
technique 


Sometimes the wide variations in the root 
canal shape require variations in tne master point 
teconique. 


l. inverted point techmgne: 


This tecnnique is applicable in the tubular 
canals in teeth suffering early death of the pulp. 
Tubular canals are generally large canals with 
parallel walls. Since tnese canals do not have 
an apical constriction, the main criterion is to 
seal the apical foramen in order to permit the 
compaction of obturating material. 


A“coarse” gutta-percha cone is selected and 
the “Putt” end of the point is carefully removed 
with a scalpel. The point is inverted and tried in 
the canal, It should visibly go to the full length 
and exhibit “tugback” when an attempt is made 
fo remove it. Radiographizally, it should be at 
optimum position. 


hy 
r 
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The inverted point may act as a plunger 
during insertion after the walls of tne canal have 
been coated with cement. This is due to the 
shape of the canal and the tight fit of the point. 
The patient may complain of discomfort due to 
air evacuation; however, if the point is slowly 
placed, relatively little cement will be forced 
periapically, 


2. Tatlor-nade gutta-percha technique: 


Ifthe tabularcanal is so large (2¢.g. blunderbuss 
canal) so that tne largest inverted point ts still 
loose in the canal, a tailor-made point must be 
used as a master point. 


Tailor-made gutta-percha point may be made 
by healing a number of yutta-percha points and 
combining them “Putt-te-tip’, antil a roll nas 
becn developed much the size and shape of the 
canal (Fig. 12). Tne rol] mast be chilled with a 
spray of etry] chloride or ive water to sulfen the 
gutta-percna before its fitting in the canal. If still 
loose, more gutta-percha points must he added. 
If it is only slightly too large, tne outside of the 
roll can be flash-heated over the Name and the 
roll forzed to proper position in the canal. By Uns 
method, an impression of tne canal is actually 
secured. 





Fis. 12 Variations of lateral compaction dechimgue, 
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Toe rolled gutta-percha should be tested for 
“tugback” as well as radiosraphically. It snould 
‘hen be cemented in place. The filling of the 
canal should then proceed following the steps of 
the lateral compaction technique (as previously 
discussed). 

Tne outer surface of the gutta-percha roll 
may also be sofiened by dipping in chloroform, 
cucalyptol or halothane and inserted into the 
canal. By repeating this exercise, an m‘emal 
impression of the canal 1s taken. A mark is made 
on the buccal side of tne roll and is dipped m 
alcohol lo slop the action of ine solven. 


3, Uttrasonies for obturation: 


An alternative to lateral compaction with 
linger spreaders is ultrasonics. 


H. Chemicatly-soffened cold gutta- 


percha fechniques: 


Tuts technique is a modification of the lateral 
compaction techmque mvolyme a solvent to 
sotten the master point in an effort that tt hetter 
conforms to the aberrations m the apical canal 
anatomy. 


«© Cellakan-J oknston technique: 


This is an old obturation technique in which 
too muen of the solvent, chloroform, was used to 
dissolve small pieces of sutla-pereha lo form a 
thick creamy mix ready for munediate filling of 
the ront canal. However, it was found tnat aa ‘ne 
chloroform cyaporatcs in the canal, it produccs 
a 24% decrease in volume of the filling material 
leading to serious leakage. Not only does tne 
suita-percha shrink as the solvent evaporates, 
bu: the sealer leaks as well, probably dae to 
solvent dissolution. Spreading of chloroform 
through the periapical tissuc might be a source 
of irritation, 


* Chioroforni Dip tecinique: 


Today’s use of solvents is quite modest in 
comparison to the old method. [n this technique, 









































- The master point ws blumed and filled 2 
mm short of the workme length. Tne ap:cal 
2-4mm is tne dipped in the solvent for 3-5 
seconds then the softened cone is inserted 
inio the canal with slight apical pressure (ll 
the working length is reached. 


- Care should be taken to mozten the canal 
with irrigation to avoid the sticking of soft 
gutta-percha to the canal walls. 


- A raditograpn is taken to vertfy the fit and 
correct working length of the cone. 


The cone is then removed, the canal coated 
with sealer and tne cone is cemented tn the 
canal. 

- A finger spreader is ‘hen placed to create 
a space alongside tne master point, then 
accessory points are placed until tne canal 1s 
filled and the protruding canal gutta percha 
points are cut using a hot instrument. 


The principal solvent used in the ‘echnique 
is chloroform which was claimed io be carci- 
nogentc. Other solvents, such as eacalyptol and 
halothane, hecame as substitutes for chloroform. 


NI. Warmed gutta-percha technique: 
* Vertical compaction technique: 


Schilder introduced a concept of cleaning and 
shaping root canals in a conical shape, and ‘hen 
obturating the space, three dimensionally filling 
all the portals of exit with the maximum amount 
of gutta-percha and tne minimum amount of 
sealer, with gutta-percha warmed im the canal 
and compacted vertically with pluggers. 


Basic requirements ef a prepared canal te be 
Filled by this techntguc are: 


I. Continuous tapering funnel-shaped from 
orifice to apex. 


I]. Apical opening kept as small as possible. 


The critical step of fitting the master cone 1s 
tne key to success in this technique. A suttable 
gutta-percna cone is chosen and placed in the 
canal to reacn the apical terminus of the canal. 
The cone is removed and slightly cut back short 


(l-2 mm) of this length. This allows heat molding 
of tne round cone into the apical constriction and 
minimizes sealer tissue contact. When the gutta 

percha cone is warmed and compacted, tt fills the 
critical parts of ‘the canal including ‘he shaped 
and cleaned apical constnetion, The cone must 
fit ticghtlyin the apical third, 1.¢. have “tughack”, 
and have diminished taper toward the middle 
and coronal thirds as well. 


A set of pluggers should be used for vertical 
compaction of the warm gutta-percha. A wider 
plugger is chosen for the coronal third of the 
canal, a narrower plugeer For ‘he nuddle third 
and tne narrowest plugegcr for the apical third. 


T 


A heat carrier, an instrument designed much 
like a spreader, is used to transfer heat from a 
heat source, e.g. flame, to the gutta-pereha. It is 
heated “cherry-red”, immediately carried into 
the canal, penetrated into ‘ne gutta-percha and 
left there For 2-$ seconds to allow heat transter. 
Itis then withdrawn in a slhehtly circular wipme 
motion. Some of the gutta-perena will be attached 
with ‘the heat carrier. Vertical compaction 
umimediately follows. 

The ‘Touch 'n Heat’, ‘DownPak’ and ‘System 
Bi awe electronic devices alternative to applying 
heat with a fame-heated instrument. 


Ste pby step feciinigie 
- Dry the root canal with paper points. 


- Fit the appropriate gutta-percha cone to ‘he 
radiographic terminus. E should visually go 
to full working length and exhibit “tuzhack”. 
Confirm the position radiographically. Cut 
off the butt end at the reference point, 


- Remove the cone and cut back about 1 mm 
of the tp, reinsert and cheek the length 
and “tugback”. The cone’s apteal diameter 
should fitin 1-2mumof the apical stop because 
when softened material moves apically into 
prepared canal, it adap‘s morc mn‘imately to 
the canal walls. 


- elect the heat transferrmg matertal and pre- 
fit the three pluggers to the prepared canal a: 


Fan Big, 
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4 mm intervals,1e the widest (coronal), the 
middle, and the narrowest (to within 3-4 mm 
of the apical constriction). 


Lightly coat tne walls of the canal with 
scaler using a handy Lentulo spiral. 

Coat the apteal third of the gutta-percha 
cone with a ‘hin layer of sealer and insert if 
fully into place. 


Using the heat transfer instrument, trim 
off the surplus of ‘the cone in the pulp 
chamber down the cervical third of the canal 
transferring neat to ‘he coronal third of the 
wuttd-percua cone, 

Using the wides: plugger, coated witheement 
powder, as separating medium, the sutta- 
percha is compacted in an apical direction 
with sustained pressure. lhis ts the frat heat 
wave in which the gutta-perena temperature 
has been raised 5 ‘o 8 degrees above body 
temperature. At this temperature (42°C to 
45°C), the gutta: percha retains its crystalline 
“beta” form with minimal shrinkage as it 
couls back to body temperature. 


Tne second heat wave begins by introducing 
the heat carrier back into the gutta-percha, 
where it remalns for 2-3 seconds, and when 
retrieved cames with t a small piece of 
softened 
percha removal). Immediately, the mid-sized 
plugger is submerged into the warm gutta- 
percha which ts compacted apically. Tne 
vertical pressure also exerts lateral pressure. 


sufta-percna (selective gufta- 


In the third heat wave, heating with the heat 
carrier warms the next 3-4 mm of gutta- 
percha and again a small amount is removed. 
The narrowest plugger ms wnmmedzately 
inserted in ‘he canal and the surplus mater:al 
along the walls ts folded centrally into tne 
apical mass. Tne warmed gutta-percha is 
then vertically compacted and the material 
flows into and scals the apical foramcn. 


Tne apical’down-pack” 18 now completed 


and. if a post is ‘o be placed at this depth, no 
more gutta percha need to be used. 
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- The rest of the canal may be filled by 
“backpacking”. This method consists of 
placing 4mm segments of gutta-percha in the 
canal, cold welding them with the heat-carrier, 
and then compacting. This sectional procedure 
is continued with heat and the next wider 
plugger until the entire canal is obturated. 


An alternative method of “backpacking” 
may be done by injecting plasticized gutta- 
percha from one of the synnges, such as 
Obtura I. The plasticized gutta-percha 
must be compacted with vertical pluggers to 
ensure ils flow into portals of exit (accessory 
canals), to weld it to apical mass, and to 
minimize shrinkage. 

- Finally, thorcugh cleansing of the pulp 
chamberis done, and a permanent restoration 
is coronally placed (lig. 13). 





Fig. 13. Vertical compaction technique. 


Advantages of vertical compaction techniques 


- Excellent sealing of canal apically, laterally, 
and obturation of lateral as well as accessory 
canals. 


Disadvantages of verfical compaction techniques 
- Increased risk of vertical root fracture. 


- Overhlling of canals with gutta-percha or 
Sealer from apex. 


- ‘Time-consuming. 
* Continuous wave of condensation 
technique (System Bj: 


System B is a newly-developed device by 
Buchanan for warming gutta-percha in thc 


canal. It monitors temperature at the tip of heat 
camier pluyyvers, thereby deliverimy a précsed 
amount of heat. 


Advantages of system B 


- It creates single wave of heating and 
compacting, thereby compaction of filling 
matcrial can he done at the same time when 
it has been heat sof tened. 


- Excellent apical control. 
- Less technique sensitive. 
- Fast, easy and predictable. 


- Thorough condensation of the main canal 
and lateral canals. 


- Compaction of obturating materials occurs 
at the levels sunultaneously throughout 
the momentum of heating and compacting 
instrument apically. 


* Sectional compaction technique 
(Chicago technique): 
In this technique, small pieces of gutta-percha 
cones are used to fill the sections of the canal. 


technique 


- Avutta-percha cone of the same size of the 
prepared canal is selected then blunted at the 
tip to fit lmm short of the working length 
and cut into sections 3-4 mm long. 


A plugger is selected which loosely fits 
within 3 mm ofthe working length. 


- Sealer is placed into the canal. 


The coronal end of gutta-percha is mounted 
to heated plugcer, and the gutta-percha tip 
is warmed by passing it through a flame, 
quickly coatcd with scaler then carricd 
into the canal and apical pressure is given. 
After this, disengage the plugger from gutta- 
percha by rotating it. 


- Radiograph is taken to confirm its ft. If 
satisfactory, fill the remainder of the canal 
in the same manner or backfilling may also 
be done with one of the thermoplasticized 


gutta-percha techniques. 
Advantages af sectional compaction techniques 
- Sealing of canal apically and laterally. 


- In case of post construction only the apical 
part is filled. 


fhisadvantages of sectional compaction feciiniques 
- Tine consuming. 


Overfilling of canals with gutta-percha 
makes i difficult to remove. 


» Warm Lateral compaction technique : 


Yerlical compaction causes dense obluration of 
the root canal, wile lateral compaction provides 
length control and satisfactory ease and speed. 
Advantages of both techniques are provided 
hy #Hadntec H device which helps the clinician 
to employ length control with warm gutta- 
perena technique. H comes witha ballery which 
provides energy to heat the attached plugger and 
spreader. EndoTwinn is another instrument also 
used for warm lateral compaction with ihe ability 
to vihrate tne elcetronically-neated tip. 


Technique 


- Adapt master cone gutta-percha in the canal 
wilh a sealer. 

- Select Endoltee plugger und acuivaie ihe 
device. 

-  Jnsert the heated plugzer in canal beside the 


master cone tc within 3-4 mm of the apex 
using laht apical pressure. 

- Afterwards, unheated spreader can be 
placed in tne canal to create more space for 
accessory cones. This process is continued 
until tae canal is Alled. 


Advantages of iateralvertical compaction technique 
- ‘Lhree-dimensional obturation. 
- Betterscaling ofaccessory and lateral canals. 


- Endotec can be used to soften and remove 
futta- percha, 
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IV. Thermo-mechanical campaction 
techniques: 


* McSpadden compaction technique : 


MeSpadden introduced a technique in which 
hcat was uscd to lower the viscosity of gutta- 
percha and thereby inerease plasticity. This 
technique involves the use of a compacting 
instrument (McSpoedden compactor) 
resembles reverse Hedstrom file. This ts fitted 
into latch type handpicee and rotated at XODI- 
15000 rpm alongside 2utta-percha cones inside 
the canal walls. At this speed, heat produced by 
friction softens the gutta-percha and designs of 
blade furces the malerial apically. 


Wt!) 


Because of is design, the blades of the 
compactor break easily if it binds, so should 
be used in straight canals only. In Lurope, 
Maillefer introduced a new condenser and 
Zipperer modified the reverse screw design 
(reverse Hedstr6m) to an instrument more 
closely resembling an inverted E-file. Nowadays, 
McSpadden’s newer modification is in form of 
Mircrosead system which has a MEFE condenser, 
madz of nickel titanium. The new condenser 
is gentler and slower-speed model used in 
an electrically-driven NT-Matic handpiece. 
Because of the condeser’s flexibility, i can be 
used in slightly curved canals. Heat-softened, 
alpha-phasc gutta-percha as well as regular 
gutta-percha points are used in conjuction. 


Technique 
- The master cone is selected. 
- Sealeris placed m the canal. 


-. The masler cone is placed in the canal 
followed hy the appropriate-size condenser 
(one taat will reach nearthe working length). 


- Toforma firm mass, tne condenser is spun 
in the canal af 1000-4000 rpm which flings 
the gutta-percha laterally and vertically. 


Advantages 
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- Requires less chair time. 
- Base of seleckon and msertion of vutta-perehia. 


- Dense, turee-diunensional obturation. 


Disadvantages 

- Liability to use m narrow and curved canals. 
- Frequent breakage of compactor blades. 

-  Overhlhing. 


- Shrinkage of gutta-percha on cooling. 


s Ultrasonic plasticizing: 


This technique depends on plasticizing gutta- 
percha inthe canal with an ultrasonic instrument. 
A special insert (PR 30) is used in a Cavitron 
Ultrasonic Scaler. The sealer and gutta-percha 
points are placed to virtually fill tne canal. ‘Whe 
endodontic instrument attached to the Cavitron 
is then inserted into the mass and activated 
williul the coolant to plasieize gulla-percha by 
friction. Final vertical compaction could be donc 
with hand and finger pluggers. 


V. Thermo-plasticized injectable gutta- 
percha obturafion: 


*Obtura HIE Heafed Gutta-Percha 
System (Fig. £4); 


This technique was introduced in 1977 at 
Harvard tnstitule. I consists of an electric control 
unit with pistol grip syringe and specially- 
designed gutta-percha pellets which are neated 
lo approximately 185-200°C for obturation. 
In this, regular beta-phase gutta-percha is used. 
At tms temperature, the gutta-percha would flow 
tnrough either a 20-2auge needle (equal to size 
60 file) or 23-gauge needle (equal to size 40 
file). Toese needles are fided tu a “wutla- percha 
gun’. ‘The injection needle and pluggers must 
be initially tricd for size in the canal. They must 
both reach 3-5 mm from the apical terminus and 
fit loosely at this point. Silicone stops are placed 
on pluggers of adequate diameter to ensure they 
will move tne softencd material and not just 


“punch” through it. 
For canalstobe filled with Obtura HI they need 


io bave: 


- Continuous tapering funnel shape for 
unrestricted flow of softened gutta-percha. 


- A definite apical stop to prevent overfilling. 


Technique 


- The root canal should be thoroughly dried 
and a tnin layer of sealer placed at the pre- 
chosen depth short of the apex. Excessive 
sealer should be avoided as it causes pooling. 


- The Obtura HI needle is mtradaced in the 
canal and a deposit of gutta-percha is made. 
The canal may be totally filled as the needle 
is Wilhdrawn or a small deposil may be made 
and compacted with tne intention of filling 
the canal segmentally. 


- Onee the deposit is placed, the pre-measured 
plugger is rapidly ased to move gutta-perena 
apically. A drop of sealer on the tip of the plug- 
ger will preven adhering of the gutta-percha. 


- When the apical tnird ts obturated, a 
radiograpn is made to ensure placement. 


- Another obturation method has become 
popular. A fitted master point is initially 
placed to tne apical terminus, followed by 
deposiling warm guila-percha around the 
master point. This technique will better 
ensure apical closure wilnoul overfilling, 


- If tne filling is short, gutta-percha may be 
warmed with a hot instrament and then 
Curther compacted, or the gulta-perchia mass 
may be completely removed and the canal 
re-filled, In this event, the tip of a Hedström 
file is warmed and inserted into tne mass. 
After cooling, for 1 minute, it is removed 
with tne gutta-percha bolus. 


Compaction 18 necessary to close space and 
gaps while forcing the gutta-percha laterally and 
vertically. [t also compensates for shrinkage as 
the 2utta percha cools. Furthermore, the smallest 
injection needle, 23-gauze, is (uo large lo reaen 
the apex in most cases. Compaction mus‘ be 
done, nowever, as soon as (he soflemed gulla- 
perena is placed in tne canal because it conls 


rapidly and hardens, often within 1 minute. 


Indications 
- Roots witn straight orslightly curved canals. 
- Baekfilling of canals. 


Obturation of roots with fins, accessory 
canals, C-shaped canals, internal resorption 
or perforations... cte. 





Fig. 14. The Obtura UL system. 


Disadvantages 


Altnough the heat generated by this method 
was found to be safe (gutta-percha merged from 
the needle at 71.2°C), serous overfillmg and 
apical extrusions may occur. 


* Lltrafil 3D System: 


This system depends upon using alpha-phase 
2utta-percha supphed in disposable cannules 
wiin 22-gauge needle attached. The gutta-perena 
in these cannules becomes plasticized then 
warmed to 70°C in a special heater. Tne warmed 
cannules are then placed in a special pistol-grip 
syonge For mjectzon mto tne canal. 


The cannules are supplied in three different 
viscosities: 


aht- 


& 


* Endo Fil-Regular (wnite cannule), li 
bodied — sets 1n 30 minutes. 


* Endo Set (green cannule), heavy-bodied, 
He n-viscosily — sels m 2 minutes 


© Firm Set (blue cannule), less viscosity — sels 
In 4 minutes, 


Alpha-phase @utra-percha is made by further 


tan 
CHAPTER ( 1 4 
E a ln eal Sed l 


masiivaling bela-phase gulla-percha under 
advancing neat. The longer the mastication 
continues, the thinner tne viseosity becomes 
when gutta-percha is plasticized. Standard beta- 
phase cutta-percha has a melting pomt of 160°C. 
Tanis is lowered to 70°C im alpha-phase gutta- 
percha, which also causes it to become much 
more adhesive, or “Hacky” when plasticized. P 
takes 15 minutes to reach a Hlowable state in the 
neater. 


Por canals to be filled with the Utra 312 
systeni, they need te have: 


- Continuously tapered canal large enough, 
S-10 mm from the apex, to receive a 
22-gauze needle (about the size of file 50). 


- Perfect apical stop or else extrusion could 
occur, 


feciiun que 


- After drymg the canal, t 1s lightly coated 
with sealer, and the needle of tne cannule 
placed in the canal. It must fit loosely 
withoul binding, 8 lo LO aun from lne apex. 


- Working time is 60-70 seconds. The syringe 
trigger 's squeczcd and released and, after 
3 seconds of wait, squeezed and released 
again. This sends a bolas of gutta-percha 
towards tne apex. 


- The needle is not withdrawn but left in place 
until a “lift” 1s felt as the material flows to 
the apex and backHow tends to displace 
the needle. Injection is then continued, not 
forcing the deposit, bur allowing the gutta- 
perena to displace the needle from the canal. 


- The regular-set Ultrafil (white cannule) 
gatta-percha can not be compacted becaase 
of soft consistency. Pluggers jast punch 
through the material without displacing. It 
does not reach full set for 30 minutes. 


- The Ultrahl may be used m the presence of 
master point. The master potnt is positioned 
al full working length to block the apical 
foramen. This point is then moved aside 
with a cold spreader to make room for the 
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Ultrafil carmule needle, which is wserled as 
deep as possible into the canal. 


- The Endoset (green cannule), the high 


viscosity gutta-percha that has less How, can 
be compacted with pluggers or spreadcrs, 
hence ether vertical or lateral compaction 
can be used. The canal walls are first coated 
with sealer; two squeezes of the heavy- 
bodied Endoset are then injected into the 
canal at the 8 tc 10 mm level from the apex, 
Ii is umuneditely compacted apically and 
laterally with the fitted plugger, which must 
be dipped in alcohol to prevent its sticking to 
tacky gutta-percha. 


- When apical [illing is radiographically 
confrmed, the remainder of the canal 
is segmentally filled with Endoset, each 
segment compacted with increasingly larger 
pluggers. This is essentially the warm vertical 
compaction technique and has an advantage 
over the less viscous Utrahl compaction of 
warm gutta-percha, thus negating in part the 
tendency to shrink on cooling ilig. 15). 





Fig, 15.The Ultraal 3D system. 


fndicattons 


Owing to the flow characteristics of the light- 
bodied Endofil-regular (white cannule) or 
Pirmset (blue cannule), broken instruments may 
be bypassed and internal rescrptive defects filled. 


Disadvantages 


- Extrusion through the apical foramen, 


The Kiements Obfuration Unii (Sybron Endo) 


The Elements system (Fig. 16) combines a 
System B device and a gutta-percha extruder ina 


motorized handpiece tc make obturation efficient, 
predictable, and accurate. From downpack to 


backfill, the Elements Obturation Unit puts the 
continuous wave of condensation technique into 
one sumiple-tv-operate device. The extruder tips 
are sized 20-,23-, and 25-aauge and are prebent. 


System B forms the right portion of the system, 
with functions preset for temperature and 
duration. ‘lhe tip temperature is continuously 
maintained and displayed, and the system has 


a time-out feature that prevents overheating. 
Extruder forms the left portion of the system, 
which is a handpiece for gutta-percha delivery. 
It consists of a precise temperature control in 
a motorized handpiece that eliminates hand 
fatigue and precludes voids. Both the handpieces 
have a silicon hooting that scrves as an insulator 
to avoid heat conduction to the clinician’s hands 


during its operation. 





Fip. 16. The Elements obiuration unit. 
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VI. Solid-core carrier: 


* Thermal: 


Theruafil and Densil consist ol Lherruo- 
plasticized alpha-phase gutta-percha carried 
into the canal on a solid core. Thermafil is an 
endodonlie ubluralur consisting of a flexible 
central carrier sized and tapered to match 
standard endodontic files that are uniformly 
coated with a layer of re‘ined and tested alpha- 
phase wulla-percha. The carrers are made of 
titanium or radioopaque plastic. ‘The gurta- 
percha covering the metal carriers may be heated 
un a lame. However, lhe plaste core-carrier 
obturators can only be heated in a special oven 
called Fhermaprep. Actually, it 1s recommended 
that all core-styles of obturators be heated in the 
uven [rom 3 lo 7 minutes depending on the size 
that ranges from size 20 through size 140. The 
gutta-percha coating extends beyond the length 
uf the carrier by 1-2 mim. 


Technique 


- To select Thermafil obturator of the size 
and shape of the canal, verify the length of 
verifier reaching passively to the working 
length by taking a radiograph. 


- After canal preparation and drying, a very 
light coat of sealer is applied to all the walls 
to act as an adhesive and a lubricant. Sealers 
such as Thermaseal, AH plus, Sealapex and 
zine oxide and engenol-based sealers should 
be used. Sealers such as CRCS or Tubliseal, 
however, should be avoided because they sel 
toa quickly when warmed. 


The warmed obturator 1s removed from the 
Thermaprep heater slowly carried to full 
working length in the canal with firm apical 
pressure. Working time is 8-10 seconds after 
ohturator removal from the oven. 


Onee it is radiographically ensured that the 
ubturatur has tolally filled ihe canal, ihe shalt 
Is scyercd 2 mm above the coronal orifice 
using an inverted-cone bur in a high-speed 
handpiece while stabilizing the carrier with 
index finger. 
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- Regular gutta-percha cones may be used to 
fill the canal around the central carrier. 


- Ifa post is to be placed, the Thermafil carrier 
may be scored at the break-off point, 4 to 
5 mm from the apex. It is then twisted off 
counter clockwise after the obturator fully 
reaches the apex (Fiz. 17). 





Fig. 1¥. Thermalil verifier and carrier. 


Advanfages 
- Less chair time. 


- Since this technique requires minimum 
compaction, so less strain occurs during 
obtoration with this technique. 


e Successi: 

The SuceessFil system is alsu a sulid-core 
carrier coated with alpha-phase gutta-percha. 
However, the gutta-percha 1s added to the 


carrier, in a warm plasticized state, just before il 
18 Inserted in the canal. 


SuccessFil syringcs contain high-viscosity 
gutta percha that sets in 2 minutes. SuccessFil 
cure Carmers are supplied in emher thaniuru or 
radionpaque plastic. They are inserted mto the 
gutta-percha in the syringe to the measured 
depth and then extruded by Curcing the plunger, 
Ranid withdrawal creates a tapcred shape to the 
coating gutta percha. Slower withdrawal creates 
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a cylindrical snape. 


Technigite 

- A SuccessFil core, the same size as tne last 
apical file, is selected and ‘ested for size in 
the canal. It should go fully to length without 
binding. 

- The carrier is then coated with gutta-percha 


as deseribed before and is immediately 
Inserted to the full depth without twisting. 


- Witn a vertical plugger (dipped in alcohol}, 
the gutta-percha 1s hetter compacted around 
the carrier. 

- After radiographie confirmation, tne carrier 
is separated by holding the handle and 
reversing the core shaft 2 mm above the 


orice. 
+ SimpliFill 
SimphFill (SybronEndo} is gutta-percha 


or Resilon manufactured for use after canal 
preparavion wilh LightSpeed instruments 
(Fig. 1). The carrier has an apical plug with 
5 mm of gutta-percha. The technique involves 
fitting a carrier that is consistent with tne master 
apical rotary file (SybronEndo) to within 1 to 
3 mim of the prepared length. Once tne cone is 
fitted it 1s withdrawn and sealer is applied to 
the canal walls. AH Plus is recommended. The 
SimpliFill carrier is slowly advaneed ‘o the 
prepared length. This may require firm pressure. 
With ihe plug al the corrected working length 
the handle is quickly rotated a minimum of four 
complete terms in a counterclockwise direction 
to separate tne shaft from tne apical gutta percha. 
Tue coronal space can then be filled with guila- 
percha, using lateral compaction or the warm 
thermoplastic technique. When using lateral 
compaction, it is recommended tnat the first 
cone be the same size as the SimpliFill carrier. 
This sectional technique is efficient, and leakage 
potential is similar to that of other common 
rechniques. 





Fig. (8. SimpliFill and LightSpeed instrument. 


Immediate obturation 


Apical barriers may be necessary in cases 
with immature apical development, cases 
wilh external apical root resorption, and vases 
Where ustrumentation extends beyond the 
confines of the root, Dentin chips, calcium 
hydroxide, demineralized dentin, lyophilized 
bone, tricalcium phosphate, hydroxyapatite, 
and collagen have been wed lor placemen! as 
a barrier in canals exhibiting an open apex. The 
harriers allow obturation without extrusion of 
materials into the periradicular tissues bat are 
often incomplete and do not seal the canal, Dentin 
enips appear to confine materials to the canal 
space durme instrumentationfobturation and 
may encourage development of a biologic seal. 
Calcium hydroxide has, also, been extensively 
used as a common apical barrier. Calcium 
hydroxide has been shown to induces an apical 
barrier in apexification procedures: however, the 
prolonged use of calcium hydroxide may render 
teetn more susceptible to fracture. 


Immature tcetn exhibiting pulp necrosis or 
teeth with apical resorption were traditionally 
treated with calcium hydroxide to establish an 
apical barrier (apesxificeation) before obturation. 
Stadies have demonstrated that teeth ‘treated 
with calcium hydroxide for prolonged periods 
are more susceptible ‘o fracture. Immediate 
obturation is an alternative to apexification. An 
apical barrier material should confine obturation 
materials to lhe canal space and ennanee healing 
by inducing cementum and hone formation. 


Mineral trioxide aggregate (MTA) (Pig. 19) 
has been successfully employed as an apical 
barrier material before obturation. If the material 
is overextended, it can be easily irrigated out 
with sterile saline. Mineral trioxide ageregate is 
sterile, biocompatible, and capable of inducing 
hard tissuc formation. The technique has been 
shown to be clinically successful and can be 
accomplished quickly, eliminating the need [or 
numerous patient visits and possible corona] 
recontamination during 
required for apexification. 
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Fig. 19. Mineral trioxide aggregate. 
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Biodentine (Septodont, Saint Maurdes Tiossés, 
France) i> a fast-sctting tricalcium silicate—based 
restorative material with biocompatibility similar 
to that of MTA. Compared to MTA, Biodentine 
has considerably shorter setting Gime and is easier 
to nandle, making it a material worth considering 
when repairing resorptive defects. 


Postobturation instructions and recall 


The patient should be advised that the tooth 
might be slightly tender for few days. For relief 
of pain, NSAID and warm rinsing are advised. 
Anti-mfammatory drugs and antibiotics should 
he prescribed in severe cases. ‘he patient 1s 
advised notto chew unduly on tne treated tooth 
Until it 1s protected by a permanent restoration. 


The patient should be recalled regularly to 
evaluate tissue repair and healing progress, 


In case of periapical radiolucency, radiograpis 
should be taken at 3,6 and 9 montos intervals to 
sce continucd new hone formation. 
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l. What is the appropriate extant of obturation? 


w, 
K; 
4, 
K. 
6, 


Mention Whe diferent types af cars obturation materials. 
Mention the different lypzsof coated gutta percha, 
Whal are he ieren bypes oC resin-bas ed sealers? 
What are the different types of rnonoblacks? 

Write short notes on: 

- GuttaF low - Sim pliF ill 

- Biodentine - Litrahl 4D 
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EPE, Chapter C j? thine 


earning 1, Access related mis haps 





a. Treating the wrong tooth 

b. Urder extencer) azress cavily 

ce. Missed carals 

d Compromised nlegrity of tha existing “astoration 
é. Pulp chamber perforation 


objectives 


i. Crown) ool fractures 


After reading this chapter, | 2, instrumentation related mishaps 


a. Over reparation 
the student should be able to AE e a ee X 


c. Ledge formator 
« ° Definition of mishaps. th Perfwaliny 5 
« List the signs and symptoms ac- e Separated instrsmerts 
companied by each mishap. I Caral bocage 
Recognize causes and prevention | : 
of mishaps. 3. Obturation related mishaps 
a. Ower and under extended root carat fillir gs. 
bh. Yorlical root facties 
| c. Nere paracsthesia 
Outline the progngsis of each cl. Posl apace perterat on 
mishap. 
Masters degree students should 4. Miscellaneous mishaps 
be able to: | a. Hypochlorite accident 


Investigate the causes and the B.o [is34e amohy seria 
prevention of these mishaps. c. Instumiect asp ration arc! ingestioa 
Classify different mishaps. 


Correlate the effect of different 
mishaps on the outcome of treat- 
ment and evaluate prognosis, 


Detect and differentiate between 
inaccessible mishaps. 


Summarize the treatment of mis- 
haps. 


Select the proper line of treatment. 
Ph.D students should be able to : 


Decide the treatment plan for 
each mishap selecting the mast 
suitable devices to be used, if 
needed. 


Correlate the effect of some mis- 
haps on the subsequent steps of 
treatment. 2354 
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ENDODONTICS MISHAPS 


ishaps can be defined as any de- 
Ylation from accepted standards of 
care. Those unfortunate jatrogenic 
occurrences that happen during 
Lreatiment, some due to tmallention to details, 
while others are totally unpredictable. 





The components to consider in the. manazement 
of endodontic mishaps are: 


1. Causes and prevention: depend on knowl- 
edge, experience, and learning from own and 
others’ mistakes. 


2. Detectiom through clinical observation, ra- 
diozraphic examination and patient com- 
plain. 


Lad 


Correction: depends on the type and severity 
of accident. 


4. Prognosis: re-evaluation of the prognosis of 
a tooth involved in an endodontic mishap 


may affect the entire treatment plan. 


Tne following suggestions are helpful in avoid- 
ing problems with the patient 


L. Inform the patient before starting, about pos- 
sible risks involved in the treatment. 


2. Ifa procedural accident occurs, tell the pa- 
tient the nature of Ene mishap. 


3. Ifthe procedural accident leads to a situation 
that is beyond your training and level of abil- 
ity to handle, you should refer to a specialist. 


Types of endodontic mishaps 
[Access related mishaps. 

II. Instrumentation related misnaps., 
HI. Obturation related mishaps. 

IV. Miscellaneous mishaps. 


I. Access related mishaps: 

D) Treating the wrung tooth: 

* Causes and prevention: 

- Inattention of dentist during tooth isolation. 
- Misdiagnosis, as in cases with referred pain. 


- Mistakes m diagnosis can be prevented or re- 
diced by attention to details and obtaining as 


much iformation as possible before deciding 
a definitive diagnosis. Once a correct diagnosis 
has been reacned, the embarrassing situation 
of opening tne wrong tooth can be prevented 
by marking tne tooth to be treated bef ore isola- 
Lion wilh a rubber dam. 


* Detection: 


- The patient will continse to have symptoms after 
treatment, when tne error 1s, misdiagnosis. 


- Tne error may be detected after removal of the 
rubber dam, when the tooth adjacent to the one 
to be treated was accidentally opened. 


«Correction! 
- Appropriate treatment of both teeth, the 


one incorrectly opened and the one with the 
original problem. 


- Even if embarrassing, the safest approacn is to 
explain to the patient what happened and now 
can the problem be corrected. 


2) Under extended access cavity: 


. Causes and prevention: 


- Poor access placement and madequate exten- 
sion of the walls. 


- Lack of knowledgs of cxtcrnal and internal 
anatomy of the tooth which causes failure to 
Uelerming correctly the position of the pulp 
chamber and the angulation of the bur. 


- Failure to remove the roof of the pulp cham- 
her is a serious under extension error, where 
the pulp horns are mistaken for canal orifices. 
Fig. (lab) 


- Information about the location and vertical 
depth of the pulp chamber obtained through 
evaluation of pre-operative — bite-wing 
radiograph, together with previous knowledge 
of the position and number of main and extra 
root canals, will increasingly reduce tnis error. 
All developmental grooves must be (raced to 
their termination and must not be allowed to 
disappear into an axial wall. Fig. (lc) 


Pig. l. 


rag el Ala 


. Detection: 


- The whitish color of the roof, the depth of the 


access cavity and the lack of developmental 
grooves are clues for under extension. 


- Underextended cavity may lead to a missed 


canal that causes symptoms to continue. 


» Prognosis: 


Undercxtended cavity will considerably decrease 
the prognosis due to inaccessibility for proper 
cleaning, shaping and obturation or possibility 
of missed canal, 


® Correction: 


Proper lateral and vertical extensions of the 
cavity walls should be done to expose all root 
canal orifices. 


Resulting errors in root canal instrumentation 
and obturation should be treated if possible, as 
will be mentioned later. 


3) Missed canals: 


. Causes and prevention: 


Lack of knowledge about root canal anatomy 
and extra canals. 


Failure to adequately search for extra canals. 


Improper access cavity preparation. 


Some root canals are inaccessible or readily 
apparent from the chamber, second mesio- 
buccal canals in mesial root of maxillary 
molars are goud examples of such canals thal 
are left untreated. 
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Pulp homs mistaken for canal orifices, fa) CS. view, (b) LS view, fe) Developmental grooves traced to their 





Fig. 2, 


(9 one side indicates the 
presence of missed canal 


Instrument deviated 


- Treating those teeth as having extra canal from 
the start, unless proven otherwise, is a sure 
preventive measure. 


Detection: 


It could occur during one of the three phases 
of treatment: early, late or during re-treatment. 


Early and late recognition can be delected 
radiographically, when an instrument or a 
filling material do not appear to be exactly 
centered in the root canal. Fig. (2) 


In some cases, recagnition will occur due to 
patient’s complain or until failure is detected 
on re-call evaluation. 


Prognosis: 
A missed canal decreases the prognosis 
considerably. 


A slightly better prognosis is expected in 
roots with 2 canals opening with a single 
foramen,providing that the primary canal is 
thoroughly cleaned and filled, 
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s Correction: 


Once the missed canal is detected and located, 
it should be thoroughly cleaned and obturated. 


4) Compromised integrity of existing restoration 
* Clauses and prevention: 


An existing porcelain crown could be chipped, 
fractured or produce a damaged margin during: 


- Preparation of an aceess cavity through the 
porcelain crown. 


- Placing the rubber dam clamp directly on the 
margin of a porcelain crown, 


- Removal ofa permanently cemented crown, 


- There is usually no way of predictme if 


such a mishap is likely to occur. Identifying 
those procedures (hal may cause damage tu 
the restoration should prepare the dentist to 
exercise caution durmg their performance, 


s Correction: 


The best policy is to routinely inform the patient 
that crown damage may occur either if: 


- There is a risk that the restoration may even 
need replacement. Or 

- minor chipping can be repaired by bonding 
composite resin to the erown. 


5) Pulp chamber perforation: 


It is an undesirable communication between 
pulp space and the external tooth surface, it 
could occur in the pulp cnamber wall or floor 
Fig. (3a,b). 


* Causes and prevention: 


- Failare to properly establish the floor depth 


of pulp chamber lead to fureal perforation in 
molars and premolars. 


- Failureto recogmze severely tilted teeth causes 
perforations into the suleus and periodontal 
space. 

- [Improper direction of the bur to be parallel to 
tne long axis of the tootn. Ig. (4c) 


Prevention of this procedural mishap 15 
best accomplished by close attention to the 
principles of access cavity preparation, naving 
adequate size and correct location. Careful 
attention to radiographic information can also 
euide the dentist. 


« Detection: 

- Direct observation of bleeding. 

- Indirect bleeding using paper point. 
- Radingraphical examination. 

s Prognosis: 


Theeorreedive oplion and theelTeets on prognosis 
will vary depending on: 


- Perforation size: small size perforations have 
better prognosis than large size ones. 


- Perforation location: perforation coronal to the 
level of ercstal bone and cpithchal attachment 
witn no damage to supporting tissues and 
casy access has good prognosis. Cresta] 
perforalion al (he level of sipi nelial attacher 
has a questionable prognosis. Perforation in 
the Curcal region of molars are parucularly 
challenging depending on time of repair, size 
of perforation and risk of extrusion of the 
filling material into periodontal tissues which 
may Lupa desirable healing. 





Fig. 3, 
of the bur. 











ta) Pulp chamber wall perforation, (b) Pulp chamber floor perforation, (e) Perforation due to improper direction 


- Existing periodontal condition: perforation 
may cause a periodontal pocket that may 
undergo minimal long term deterioration, witn 


proper hygiene. 


- Early defection: has significant effect on 
prognosis .T he less time the perforation 1s open 
fo contamination, tne better the prognosis. 


- Scaling the perforation: proper scaling 
to prevent leakaze improves prognosis. 
Pertoration in fhe floor of the chamher may 
develop a lesion in the furcation that will 
have better prognosis by proper scaling of the 
perforation as soon as possible. 


s Correction: 


- After cleaning and disinfecting the defect, 
controlling bleeding and fluid seepage, repair 
can be accomplished by sealing the perforation 
site with a suitable material as will be discussed 
later, 


- The type of material used is properly less 
important tnan how well tne perforation scaled. 


6) Crown rool fractures: 
" Causes and prevention: 


- An endodontically treated tooth, weakened by 
access cavity preparation, with a pre-existing 
infraction may suffer a trge fracture during 
chewing. Pig. (4a,b) 


- Vertical fracture. of endodontically treated 
teetn is a complication tnat can be reduced by 
avoiding over extension of the access cavity 
and reduction of the ocelusal surface before 
working lengtin is established. 
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s Detection’ 


- Mobility of portion of the crown will bs 
ODVIOUS. 


- Patient complain due to the development of a 
periodontal lesion. 


* Prognosis: 

Teeth with a cnisel fracture have better prognosis 

than those with more extended fracture. 

« Correction: 

- ‘Teeth with a chisel] fracture in woich only the 
cusp or part of tne crown is involved, could be 


treated by removal of the louse segment and 
restored. 


- Teeth with extensive verlical Cracture should 
be oxtracted., 


IT Instrumentation related mishaps: 


D Over preparation: 


e Causes and prevention: 


-It is due to excessive removal of tooth structure 
during radmular preparation, m tue apical, 
middle or coronal portions of fhe root canal . 
This leads to: 


* Ovecrzcalous shaping to accommodates large 
plagger o1/ and spreader. Fig. (3a) 


* Over flaring. 


- Fulfilling objectives of radicular cavity 
preparation, with maintenance of the original 
snape and curvature of root canal are measures 
lo avoid suci mushap. 











Fig. 4. Crown root fracture ja) L 5. view, (BJS view 
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¢ Prognosis: 


- Teeth suffering over-zealous shaping may be 
weakened toa point of apical fracture. 


- Over-flaring leads to: 


Strip perforation at the taner thin wall of 
(he curve (dangerous zone). Fig. (55). 


* Weakening of the tooth to a point that 
leads to a vertical root fracture. 


Difficulty to fit parallel posts. 


2) Over instrumentation: 





* Causes and prevention: 


- Instrumentation beyond apical constrict- 
ion is due to improper tooth length 
determination. 


- Conning cleaning and shaping procedure 
within the root canal reduces the mishap, 


« Detection: 


- Hemorrhage is evident apically and could bhe 
detected by paper point insertion. Fig. (6a). 


- Radiograph will show evidence of apical 
constriction violation by a large file, a master 
cone or over extended filling Fig. ( 6b). 


- “Vactile resistance of the confines of the canal 
wall 1s lost. 


« Prognosis: 


‘Teeth suffering loss of apical constriction will 
have poor prognosis a3 a result of irritation of 
periapical tissues during instrumentation and 
after trealment duc tu risk of overlilling and 
inadequate apical seal. 


*(forrection: 


Violated apical constriction is lrealed by re- 
establishment of working length, followed by 
enlargement of the canal with larger instruments 
to the new length to create a new apical stop. 





Fiz. 6. ta) Detecting of over instrumentation ano apical perforation by paper point, (b) Apical constriction violation By 
alaree Ale or over zxtendan filling 


“FOATNICO A & DI NID AL -N OPO PIN TI 4S 


3) Ledge formation: 


* {auses and prevention: 


A file fails to negotiate a canal curvature and 
reach the exact working length, due to: 


- Failure to make a proper access cavity and 
coronal canal pre-flare, that allow direct access 
to the apical pornon of the canal. 


Using straight or too large instruments in 
curved canals. 


Lack of knowledge of canal morphology tnat 
cnables the dentist to dctectroot curvature tnat 
does not show onthe radiograpn. 


Avoiding these causes, together wilt using pre 
curved instruments Javing non-cutting tip, will 
reduce this problem, as this allows files to track 
the limen of tne canal. Accurate interpretation 
oF diagnostic and working length radiogragzh is 
also essential. 


Detection: 


- Instruments inserted in the ledged root canal 
can no longer reach full working length. 


- Instrument tip mts Inosely against a solid wall, 
with no tactile sensation of binding. 


- Radiozrazh shows inability of the inserted 
Instruments lo reach the full working lenath. 


” Prognosis: 


Root canals where [cdees arc by-passed have 
excellent prognosis if the rest of the treatment 
procedures are properly done. Failure to by pass 
the ledge will leave an uninstrumented apical 
portion of the canal, which will cause future 
complications. 


® Correction: 


- A small file with a sharp curvalure al ils Up bs 
inserted in the canal. 


- The curved tip should be pointed towards the 
wall opposite to the ledge Fig. (7). 


PECHNICQL & CLIN CAL ERBOOGONFILS: 





Fig. 7. Ledge correction 


- Introduce the file with a watch winding motion 
that will help advance the instrument. 


- When a resistance is mel, dhe Ale is slignily 
retracted, rotated and introduced again until it 
bypasses the ledge and reach the full working 
length. 


- Larger files are used in the same manner 
successively, 


- When the files reach the apex, fling is done, 
in the presence of an irrigant, in short vertical 
strokes with tre file curved tip directed towards 
the inner wall of the curve and pressing its 
blades against the ledge in the outer wall of 
the canal. 


Using chelating agent as ETDA is not advised 
as enhances perforauon, 


4) Perforation: 


Perforation m tre root canal may occur in [ne 
cervical, middle or apical thirds. 


Causes and prevention: 
Cervical perforafionPig. (Ba) 


- Tt may occur during the process of locating 
canal orifices. 


- Overllaring may also lead to strip perforation. 


- Prevention of ccrvical perforation may be 
achieved by reviewing tooth morphology 
prior to access cavity and searching for canal 
orifices. Also radiographically verifying ones 


739 


240 


CNDODONTICS MISIIAPS 


position during the search get the operator 
back on track before it is too late. 


Mid-roci perforation: Fig. (80) 


- Fallure to correct a ledge at mid root portion 
and continue to drill the instrument out through 
the latera! wall of the ront canal at the point 
of ohstruction or curvature leading toa lateral 
perforation. 


- Over flaring resulting in a strip perforation. 


- Antreurvature filing is uscd to overcome this 
problem, wnoere (ne operator applies mesial 
pressure on the enlarging instrament to avoid 
the thin, delicate distal wall (danzerous zone). 


Apical root perforation: Fiz. (8e) 


- Failure to correct a ledge in toe apical root 
portion. 


- Apical transportation due to over instrumentation. 


- Apical zipping due to the use of large and 
straight instruments in preparing the apical 
root third. 


* Detection; 


Perforation at any level of the root canal can be 
elected by: 


- Patients sudden complaint of pain during 
canal preparation. 


- Sudden appearance of blood in a previously 


dry canal. 


- Paper point inserted in the canal will confirm 
a suspected perforation corresponding to its 


- Radiographic evidence of a file, protruding 
tnorough the lateral wall or apical constriction 
of the canal. 


- Loss of the tactile resistance of the confines 
of the canal space is detected, only in apical 
perforation, 


. Prognosis: 


Apical perforation usually occurs more than 
cervical and mid-roct perforations. Fortunately, 
with successful repair, apical perforations have 
less adverse effect on prognosis than tne other 


types. 


* Correction: 


- Albhough the more apical the perforation is the 
more favorable the prognosis, the converse 1s 
true forthe repair procedure. The more coronal 
[ne perforation is where it is considered to be 
more accessible, the easier is (o repair. 


- Perforation repair may be done non-surgically 
by approaching the defect internally througn 
lhe rool canal space or surgically by using an 
external approacn through the periradicular 
tissues. The choice depends on the acecssibility 
of the defect. 


- Non-surgical perforation repair is the preferred 
method because (1) i is less invasive (2) 
produces less destruction to the periradicular 
tissues (3) improves isolation from microbes. 





- Commonly used perforation materials include 
amalgam, Super EBA cement, varinus nonded 
composite materials and most recently mineral 
trioxide aggregate (MTA). 


- MTA has many advantages over other 
perforation repair materials: (l) it seals 
well even when the cavity is contaminated 
with blood (2) it is very biocompatible (4) it 
activates a cementum-likc material to grow 
directly on it after placement and (4) it has a 
high degree of clinically favorable long term 
out-comes when used as a perforation repair 
material. 


- ‘The main disadvantage of MITA is the long 
sctting time, which makes the material not 
suitable for repair of defects in communication 
with the oral Auids as it will be washed out of 
the defect before setting. 


- Enhanced vision in non-surgical repair of 
perforation decper in the canal could be 
provided by the use of surgical operating 
microscope. 


- Perloration in the apical portion is the most 
difficult to repair because repair not only 
involves cleaning and sealing the defect, but 
also involving, cleaning and filling the apical 
canal segment beyond the defect. Surgical 
approach might be the only choice. 


5) Separated Instruments: 
" Causes and prevention: 


Breakage 1s common in both hand and rotary 

stressed instruments which 1s due fa: 

- [niproper convenience of access cavily. 

- Placing exaggerated bends on instruments to 
negotiate curved canals, 

- Forcing a large file down the canal before this 
canal is sulfictently enlaryed with a previous 
smaller file. 


Excessive rotation of the instrument in a canal 
after binding. 
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- Manufacture defects. 


Such a mishap could be avoided by cxamining 
the instrument for signs of stress before use. A 
stressed toustrumment is recognized by unwound 
flutes and should be discarded Fig. (9a). Small 
instruments used to enlarge difficult, small and 
curved canals should be discarded, even after 
a single usc. [iscarding of rotary instruments 
should follow manutacturer’s Instructions for 
number of tres of use. 


- Sequential instrumentation and use of urigation 
are alsa essential measures for reducing this 
error. 


* Detection: 


Sudden length during 
instrumentation with radiographic evidence of 


loss of working 
lodged instroment segment inside the canal Fig. 
(9b), confirmed by the broken instrument in the 
aperator’s hand. 





(a) Stressed inslrument with unwound flutes, 
[b] A radiograph showing a separated instrument 
ladgsa inside the middle portion of the canal 
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» Prognosis: 


[t is not affected in case the instrument is 
removed cr by-passed. If surgery is needed 
prognosis is reduced according to the outcome 
of the treatment. 


® Correction: 


- Effort to Instrument 
should be made as initial approach. Ultrasonic 
Instruments have proven to he most effective in 


loosening and Hushing out hroken fragments, 


PETNOVe fra ETIC nts 


especially under operating microscope. 


- Failing to remove the broken fragment, an 
attempt to by-pass it by a small file or reamer 
should be tied. This is usually successful 
in oval or irmregalar canals where the broken 
segment is stuck between the irregularities of 
the wall. 


- Failing to by-pass the broken segment, 
preparing and filling the canal should be done 
to the level that could be reached: 


"If the segment is at the exact working length 
and nol protruding through the apex, it should 
be considered part of the filling and help to 
seal the canal. 


* If the segment is protruded through the apex 
or leaving an un-instrumented apical portion of 
the canal, apical surgery will be the treatment 
of choice, 


6) Canal blockage: 


Blockage is obstruction in a _ previously 
patent canal that prevents access to the apical 
constrichon dud apical stop. 


* Causcs and prevention: 
- Packed dentinal chips and debris as hard mass. 


tissues as fibrous 


- Compacted vital pulp 


blockage. 


- Cotton pellets, restorative materials and 
fractured instruments also present blockage. 


- Frequent irrigation and maintaining patency 
reduce such a mishap. 


+ Detection: 


The confirmed working length is no longer attained. 


. Prognosis: 


Depends on the stage of instrumentation reached 
when hlockage occurs and pulp vitality. 


- Blockage occurring in an adequately cleaned 
canal has better prognosis than blockage 
occurring before the canal is cleaned. 


- Teeth with vital pulp have better prognosis 
than those with necrotic pulp. 


s Correction: 


Recapitulation with the smallest file should be 
done, using a small amount of chelating agent, 
watch winding motion and copious amount of 
irrigation, 


Ii Obturation related mishaps: 


1) Over and under extended rool canal fillings: 


eCuuses and prevention: 


- Over extended filling is due to apical 
perforation with loss of apical constriction 
against which gutta-percha is compacted. 
Fig. (10a). 


- Under extended filling ts duc ta failure to fit 
the master cone accurately or poorly prepared 
canal, particularly in the apical portion. 
Fig. (10b). 


- Accurate working length determination 
and care tc maintain it, together with taking 
radiograph during the initial phascs of 
obturation will very much reduce both over 
and under fillings. 


- Creating an apical barrier in case of wide 
apical foramen or apical resorption is cascntial 
to avoid over extended filling. 
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Fiz. 10. (a) Over extended filliuy, b} Under d Alliuy 


+ Detcetion: 


A post operative radiograph will show any error 
in the extension of the filling material. 


. Prognosis: 


Failure may be less from irritation of the filling 
material and morc fromlcakaze around a poorly 
compacted filling. Sucecss is determined by 
the quality of the apical seal. So if the over 
extended filling provides an adequate seal, 
treatment may still be successful. 


Failure in under extended filling cases is 
due to the apical root canal segment that 
remains unfilled allowing rc-entranec of 
micro-organisms in the root canal, causing 
persistence of an already existing lesion or 
developing a new one. 


s Correction: 


a 


TECHNICAL 


Under extended Gling is treated by removal 
of the filling material, properly preparing and 
obturating the canal in three dimensions. 


Over extended fillings do not routinely require 
removal if asymptomatic and not associated 
with a lesion, as guttapercha and lots of recent 
sealers are well tolerated by the surrounding 
tissues, 


If symptoms or radicular lesioen develop the 
over extended filling should be removed either: 


& CLUIBICAL ENDOG CON ICS 


o Successfully with the entire pomt pulled 
out in one piece or 


o The point will tcar off, leaving a loose 
fragment in the periradicular tissue tna 
will need surgical removal. 


2) Vertical root fracture: 





Causes and prevention: 


Exating too much force during lateral or 
vertical condensation technique. 


Forcing the post apically during sealing and 
cementation. 


Therefore less foreeful obturation techniques 
and passive seating of the posts should be 
ensured to reduce sucha mishap. 

Detection: 

Sudden crunching or sharp sound. 

Pam reaction. 

Blecding 


The presence of a very narrow periodontal 
pocket along the fracture line. 


Halo radiolucency may appear in the radio- 
graph of a long standing vertical] root fracture. 


Exploring surgery may be needed to confirm 
the diagnosis. 


Loss of resistance azainst lateral condensation. 


.— 


———— 
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s Correction: 


- Unfortunately, extraction is the only treatment 
plan in such case. 


- In moltirooted teeth root resection or hemisection. 


3) Nerve paresthesia: 





« Causcs and prevention: 


- Gross over extension of root canal filling 
matenals. Fomaldehyde containing sealers 
have the highest incidence of nerve toxicity. 
Fig, (11). 





Fig. 11. Gross over extension of rool canal filling. 


- Over instrumentation. 
- Sorgical procedures. 


- The dentist should have proper jude in his se- 
lection of cascs that need surgery to avoid such 
a problem. If there is no alternative treatment 
than surgery in a case where nerve damage 1s 
possible to happen, then the patient should be 
informed of the problem before surgery. 


* [detectinn: 


Patient's complaint. 


+ Prognosis: 


Nerve damage may be transient or permanent, 


s Carrection: 
- Often through observation, 


- Use of preduisulone to shorten the course of ihe 
condition, prevent secondary fibrosis and lessen 
the severity of postoperative complications. 


Surgical decompression has also been reported. 


4) Post space perforation: Fig. (12) 









s Causes and Preveoliom 


- Misdirected post space preparation, especially 
wilh the use of end cutting drill or round 
hur, mereases the incidence of lateral ront 
perforation. 


- Planning the post space preparation, based on 
voud knowledge ofthe root canal anatomy and 
radingraphic infomation will help in reducing 
incidence of perforation. 

- Preparing the space at the time of obturation 
also reduces the risk. 


+ Detection, prognosis and correction: as 
mentioned before, in perforation section. 


Fig. | 2. Post space perforation 


VI. Miscellaneous mishaps: 


l) Hypochlorite accident: (irngant related 
mishaps) Fiz. (14). 


* [anses and prevention: 


- Acewenlal injecuun of sodium hypuchlorile 
beyond the apical foramen will lead to this 
condition which Ls serious and very painful. 


- “Fhis accident could he avoided hy passive 
placement of a beveled irngating needle, 
that slowly delivers the irrigating solution 
into the canal, allowing the excess irrigant to 
flow coronally rather than apically. The use of 
special irrigating needles such as Goldman’s 
syringe or laterally perforated needles will 
also help. 
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Piz, 13. Accidental in jection of sodium hypochlorite 
beyond the apical foramen 


e Detection 


Effects on the patient depend on the concentration 
and amount of solution in eled periapically. 


- Sudden severe pun. 
- Violent swelling. 
- Inlerstilial hemorrhage. 


- Eechymosis. 


* Prognosis: 


It is favorable, but immediate and proper 
management wilh close observaliun are 
important, 


- Long term effects may inclade paresthesia, 
scarring and muscle weakness. 


. Correction: 


- Reassurance of the patient. 


- Antibiotics to prevent spread of infection, if 


any, related to tissuc destruction. 
- Analgesics to relicf pain. 


- Antihistamines can also be helpful, to reduce 
any allergic reaction, 

- Cold application initially, followed by warm 
saline soaks the next day to reduce swelling. 


- Incision and drainage may also be necessary to 
contro] swelling and pain. 


- In severe cases hospitalization and surgical 
intervention are essential. 
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2) Tissue emph 


SCM. 





s Causes and prevention: 


It is the passage and collection of gases in tissue 
spaces due lo compressed air being forced into 
(hese spaces Uirougls: 


- A blast of air to dry the canal, during canal 
preparation. 


- Air from high speed hand piece directed towards 
exposed soft tissue, during apical surgery. 


- Forceful injection of hydrogen peroxide during 
i rigation, 


- Preventive measures used to avoid (is error, 
includes (he use of paper puinls to dry the 
canal but if an air syringe is used, it should 
be directed in a norizontal position over the 
access cavity, In surgical procedures, apical 
root cavity can be made by a low speed nand 
piece, but if a high speed hand piece is used, 
jets of air should not be directed into the 
surgery siles, 


* Detection: 
- Rapid swelling and erythema, 


- Although pain is not sncommon dysphagia 
and dyspnea have been reported. 


- Spread of air mto tne neck may cause 
respiratory difficulty and progression into 
the mediastinum could be fatal. Mediastinal 
emphysema is detected by: 


o Sudden swelling of the neck. 


o Difficulty in breathing and the patient's 
voice will sound brassy. 


o Crackling can be induced when (he swollen 
region is palpaled. 
o The mdiastinal crunching voice is heard on 


auscultation. 


o Áir spaces are seen in anteroposterior and 
lateral chest radiographs. 
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s Prognosis: 


Tissie space emphysema may remain in [ne 
subcutaneous connective tissue and do not 
spread to the deepanatomic spaces. The majority 
of reported cases have followed a benign course 
followed by total recovery. Spread of air into 
the neck and into the mediastinum reduces 
prognosis. 


s Correction: 


- It varies from palhative care and ohservation, 
to immediate medical care, if the airway is 
compromised. 


- Broad-spectrum antibiotic coverage is 
midizated im all cases to prevent the msk of 
secondary infection. 


3) Instrumentation aspiration and ingestion: 
s Causes and prevention: 


Failure to use a rubber dam during endodontic 
treatment can easily lead to this mishap. 
Therefore a rubber dam is mandatory in all 
phases of endodontic therapy. 


s Detection: 


May not be recognizable bat if noticed, it 1s 
confirmed by chest and abdomen radiographs. 


Fig. (14). 





Fig. 14. Radiograph showing an aspivaled instrumen 


- Inthe dental clinic, the treatment is limited to 
removal of the objects that are accessible in the 
throat. Removal can be done by nign volume 
sJction, hemostats and cotton pliers. 


- In case of aspiration, medical evacuation ts 
the hest approach. Sometime the patient may 
cough out tne inspired item. 
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CHAPTER REVIEW QUESTIONS 





k= 


Discuss di Teren! coneglive options [ur over and under extended filling. 
How can a vertical root fracture be detected? 


Canal blozckagz is one ofthe most annoying errors, Discuss ditterent causzs Tor such eeror and how to 
Correct, 


Tissuc cmphysema has several signs and symptoms, discuss and explain how to acal with them. 
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CLINICAL 
ENDODONTIC 


PART 3 


- Local Anesthesia and Isolation in Pndodontics 
Emergency |reatment in Endodontics 
| Traumatic Dental Injuries 
) : Cracks and Fractures 


Endodontic Surgery 


: Vital Pulp Therapy 


- Application of Therapeutics in Endodontics 
» Non Surgical Endodontic Retreatment 
> Evaluation of Success and Failure 


- Evaluation of Outcomes 
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Local Anesthesia 
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Lacal anesthesia in endodontics 
Uses of local anesthetics iv endadontics 
Most common types of injectable local anestretics 
Possitle adverse effects of a local anesthetiz 
Effects of systemic diseases on LA 
Recagn ze factors affecting endodontic anesthesia 
Initial management 
When to anesthetize 


After reading this chapter, 
the student should be able to 





Methork of confirming pulpal anesthesia 

Failure to achieve anesthesta in patients with pain 
Mandibular anasthasia 

Maxillary anesthes a, sapplermental anesthesia 
Recentadvances in deliver ng loca: anesthesa 
Local anesthetic reversal 


lsolation in endodontics 

Advantages of tooth isolat oa using Rubber Dam 
Conmmonaria of rubber darn 

Techniques of -ubser dain applicat on 

Isolation in dificult cases 

Contraindications of rubbe> dam 


252 


LOCAL AN ESTEESIA AND ISOLATION IN ENDODONTICS 


[- Local anesthesia (LA) in endodontics 


Regardless of the clinicians skills, 
endodontic treatment cannot be delivered 
without effective pam control, 


l- Uses of local anesthetics in endodontics : 
a) — Diagnosis 
b Treatment of emergency patiens 


c) Development of a comprehensive pain- 
control plan 


2- Most common types of injectable local 





anesthetics: 


e 2% Lidocaine 
« 2 of 3% Mepivacaine 
¢ 4% Prilocamie 
* 0.5% Buptvacaine 
* 4% Articaine 
with or without vasocons‘rictoriepinephrine} 


Although LA can be divided roughly mlo 3 types 


accordin gto duration 


” Short 
anesthesia) 


duralion (30 minwes pulpal 


* Intermediate duration (60 minutes) 
” Long duration 
Yet... 


Clinical anesthesia does not follow these 
zuidelines, depending on whether the local 
anesthesia is used as a block or for infiltration. 


3- Possible adverse effects of u local 

anesthetic range from fairly common (eg. 
tachycardia) to extremely rare (cg. allergic 
reactions to lidcaine} 








a) Cardiovascular reactions: 


Eyen comparatively small amounts 
of epinephrine can induce measurable 
response. 


* Tachycardia (increase heart rate) after 
nerve block or mtraosseous injection. 


* Heart palpitations (fear and anxisty). 


* Chanze in tlood pressure. 


Large doses or madvertent miravenous I1 ECION 
leads to lidocaine toxter'y and CNS depression. 


‘To reduce this risk the clinician should: 
a  Agspirate before making injection. 
© Inject slowly 
*» Use dosage within accepted guidelines 


b) Svstemic effects: 





Due to repeated injections (cumulative 
large. dose): 


a  Imtal excitatory phase (muscle twitching, 
tremors, convulsions, 


« Subsequent depressive phase (sedation, 
hy polension, respiralory arrest). 


An acute hypotensive crisis with respiratory 
failure ts duc to hypersensitivity to local 
anesthetic agent. 


Maximal local anesthetic dosages:(Rule 25): 


According to Failure and Moore (Rule 
25) it is safe to use one cartridge of 
local anesthesia for every 25 pounds of 
patients weight eg. six cartridges for a 
patient weighing 150 pounds (67.4 kg). 
e): 


c) Methemoglobinemia (overdoas 





Methemoglobinemia is a disorder 
characterized by the présence of a higher 
than normai level of inethemogilobiin 
(imetHD) ti the blood. Meihemoglobii ts 
an oxidized form of hemoglobin that Aas 
a decreased affinity for oxyeen, resultttg 
in an increased affinity of oxygen to 
other heme sites and overall reduced 
ability to release oxygen ty tissues . 


It occurs several hours after injection of 
local anesthesia . 


Signs and symptoms: cyanosis, dyspnea, 
emesis, headache. 


d) Peripheral nerve paresthesia: 
Rare yet necds Follow up. 


TECHNICAL A CLINICAL ENCOGONWNT CS 


e) 


d- Effects of systemic diseases on L.A! 


a) 


Yi 


Reactions of anesthetic formulations 
containing a sulfite antioxidant: 





Rare tn the forn of urticaria and 


broncnospasm. 


Local anesthesia containing vasocon 
strietor contain relatively small amount 
of sulfite to prevent its oxidation. 


Risk factors; Active history of astnma 
and atopic allergy. 





Cardiac patients: 


Patients with: 


History of myocardial tnfarctton or 
stroke within past 6 months. 


Unstable angina pectoris. 


. Severe hypertension. 


. Uncontrolled congestive heart failure., 


Hear transplant, 


No vasoconstrictor in L.A. 


Consult heir physician 


b) 


d) 


5. 
a) 


Hodgkin’s discases or cancer 


Receiving 
dosage of local anesthesta contatning 
vasoconstrictor, 


radiation, use reduced 


Preyvnant and lactating women 





Eliminate pain by performing 
endodontic treatment thus reduce the 
need for systemic medications. 


Drug intcraction 


May occur with vasoconstrictor in local 
anesthesia and the patients’ medication. 


Factors affecting endodontic anesthesia: 


Apprehension and anxiety 





endodontic 


Many 
apprehensive or anxious because 


patients are 
they 
lear Lhe unknown and nave heard 
untavorable stories. This emotion plays 
a role in thcir perceptions and also 


affects how they react to pain. 


b) 


C) 


d) 


Fatigue 


Many patients with a toothache have 
not slept well, not eaten properly, or 
otherwise have not functioned normally, 
In addition, many are apprehensive or 
anxious about the appointment. The end 
result is a patient with adecreased ability 
lo manage stress and less (olerance 
[or pam. 


Tissue inflammation 


Inflamed tissues have a lower threshold 
Of pain perception: this is called the 
allodynia phenomenon. In other words, 
a Ussue thal is inflamed is much more 
sensiltve and reaclive to amld stimulas. 
Therefore, an inflamed (issue responds 
painfully to a stimulus tnat otherwise 
would g0 unnoticed or perceived only 
mildly. Because root cana] treatment 
procedures generally myolve milamed 
pulpal or periradicular tissues, this 
phenomenon has obvious importance. 
A related complication is that inflamed 
tissacs arc more difficult to ancsthetize. 


Previous unsuccessful anesthesia 


Unfortunately, profound pulpal ancs- 
thesia 13 not always obtained with con- 
ventional tecnniques. Previous difficulty 
wita teeth becoming anesthetized 15 as- 
sociated witn a likeltnood of subsequent 
ansuccessful anesthesta. These patients 
are likely tc be apprehensive (lower pain 
threshold) and generally identify them 
selves by comments such as, “Novocain 
never seems to work very well on me” 
or “A lot of shots are always necessary 
to deaden my teeth.” The practitioner 
should anticipate difficulties in obtatn- 
ing anesthesia in such patients. Often, 
psychological management and supple- 
enal local anesluesta (echniques are 
required. 
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6- Initial management 
If the pauent is managed properly and 
anesthetic techniques are done smoothly, 
the pain threshold increases. The result 
is more predictable anesthesia and a less 
apprehensive, more co operative patient. 


[] Psychological approach (involves 4 Ca) : 


l- Control; obtainmg and mamla upper 
hand. 


2 Communication, lislening nd 
explaining to the patient what is to be 
done and what should be expected. 


3- Concern; verbalizing awareness of prs 
apprehensions. 
4- Confidence; cxpressed in profession- 


alism giving the patient confidence in 
management, diagnostic and treatment 
skills of the dentist. 


[1 Painless injection 


a) Use of topical anesthelic: 
The most important aspect of a topical 
local anesthesia may nol be ils clinical 
effectiveness but rather tts psychologic 
effect on the patient who believes the 
pracuiltoner is domes everviliuing possible 
to prevent pain. 


b, Slow needle iasertton. 


C, Slow jection (computer controlled 
anesthetic delivery system, 1.4 ml over 
a period of 4 min 45 sec.). 


d) Twe-stage myection, slaw administration 
of 4 cartridge under mucosal surface 
causes numbness then the remaining 
of cartridge is deposited to full depth at 
target site. 


7T- When to anesihetize??? 


Preferably at each appointment. 





Instruments may be used in canals with 
necrotic pulp and periradicular lesions 


painicssly without local ancsthesia. 


Occasionally, vital tissues may be 
present m apical third, this inflamed 
tissue contain nerves. Contacting this 
vilal issue during istrumentalton will 
cause discomfort to the patient if he ts 
not anesthetized. 


b) During canal length determination: 


The patient may show response if the Ale 
reaches beyond the apex. This is not true 
as Lhe palient may leel pain sometimes 
when the file ts Far short of the apex or 
even few millemeters beyond the apex. 


c) During obturation: 


Due to pressare, small amounts of sealer 
may be extruded beyond the apex, this 
may be uncomfortable to the patient, 


8- Mcthods of confirming pulpal ancsthesia 
Traditional methods cf confirming anesthesia: 
¢ Questioning the patient, 


© Soll Ussue testing (numbness and Jack 
of response). 


* Begmnme treatment. 


Are not effective in determining pulpal 
anesthesia 


Before endodontic procedure is started, pulpal 
anesthesta ta vital teeth can be measured by: 








" Applying a cold refrigerant. 
e Using electric pulp tester. 


If patient responds to stimulus, pulpal anesthesia 
has not been obtained and supplemental 
anesthesia should be administered. 


N.B: In patients with painful vital teeth 
(irreversible puplttis), lack of response to pulp 
testing may not guarantee pulpal anesthesia. 
Therefore if a paten experiences pain during 
endo treatment, supplemental anesthesia ts 
indicated regardless of the responsiveness to 
pulpal testing. 
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g- Failure to achieve ancsthesia in patients 
with pain 


A number of explanations have been proposed. 





Conventional anestnetic techniques do not 
always provide profound pulpal anesthesia and 
pauenlis with preexisting hyperalgesia may be 
unable to tolerate any noxious mput. 

a) Inflamed tissue nas lower pil, which 
reduces the amount of the base form 
of anesthetic that penetrates the nerve 
membrane. [hus less of the ionized 

form is available in the nerve to achieve 


anesthesia. 


bh) Nerves arising from inflamed tissue have 
altered resting potentials and dceercased 
oxettahiliry thresholds. 

c) Patients in pain often are apprehensive, 
which lowers the pain threshold. 


lö- Mandibular anesthesia: 
A- Inferior alveolar neryc block (IAN 


The incidence of successful mandibular 
anesthesia after JAN tends to be more 
frequent in molars and premolars and least 
frequent in anter:or teeth, 





Onset: 


Pulp anesthesia ocears within LO to 15 min. 
In most cascs., 


Duration: 


Lasts for 2 M lus approximately (at least 
60 min}. This can be evaluated using the electric 
pulp tester. 


B- Incisive nerve block at mental foramen: 
Successful for anesthetizing the premolars only 
N.B: The combination of incisive nerve block 
and LAN invreases lhe success of anesthelizalion 
of mandibular first molar bul an inlracsseuos Or 


PDL injgecvion is a belter choice of supplemental 
anesthesia TAN lais. 
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C- Infiltration mjection: 


Avcombmation of labial and lingual infiliration is 
effect: ve for lower anterior teeth. 


Li- Maxillary anesthesia: 
åA- — Infiltration: 


The most common injection for the maxillary 
leeth s dnfiltral:on. 


Onset: 


Pulpal anesthesia occurs within 3 to 7 min, but 
slower onset after 7 min occur in first molars. 


Duration: 


In anterior teeth, pulpal anesthesia declines after 


20 - 30 mun. 
In molar teeth after 30) -— 45 mon. 


Clinical implication: 





If obturation is to be done in the same visit m 
casc of molar tecth (duration one hr) additional! 
local anesthesia should be administrated. 


B- Alternative maxillary 





° Posterior superior alveolar nerve block. 
° Infra orbital nerve block, 

. Second division block. 

»  Palatal-anterior superior alveolar. 


> Anterior middle superior alveolar. 


lemental anesthesia: 





If the standard injection is not effective 


a)  Intraosseous (10) 
b) Periodontal ligament (POL) 
c) Intra pulpal (IP) 

a} Intraosseous ([Q) 


Intraosseous anesthesia can be done with 


intraosscous delivery system X-tip (Dentsply/ 


Maillefer). Fig. (1 a-d) 
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Pig. (l - a,b): a, The X-tip system comes in hwo parts: the drill 
aril hie: puide sleev eanl special in sicion needle. To 
use the system, first anesthetize the area to be fully 
anesthetized with a few drops of anesthetic in the 
muzobuceal fold, Select a sita 2 to 41 mm apical to 
lhe bony crest and between Ihe roots, b, clazz the 
X tip drill and guide skere in a slow-speed (18 COQ- 
29,090) handpiece, and drill at maximum speed 
al SO? Io the: borne. Ta 2 in ¢ seconds Whe: clr wall 


perforate the cortical bone to the cancellous bonz 





Fig, (1-¢,d): ¢, Hold the guide sleeve in place and withdrasy 
the drill. d, Insert the special short needle into 
the tiny hole in the autde slezve and slowly inject 
few drops of anesthetic. In the event additional 
anessa may be needed the guile sleswe may 
be le[l in place until (lie end of the appoimierl 


Periodontal ligament (POL): 


In the mandible when block anesthesia is not 
complete. 


The needle is placed alongside the root of tne 
tooth. Tne bevel of tne needle, not the sharp tip, 
faces the root, 


The needle is tnen advanced down the PDL 
space, 0.02 ml. of solution is slowly dcpnsited. 


Each root must be separately anesthetized. 
Onset! immediate; 


Duration: although limited, bul enough to enter 
the pulp and complete the palpectomy. Fig. (2). 





Pig. 2. Incorrect weertion of the sharp needle lip toward the 
root (left). Correct insertion of the bevel facing 
the root (right). 


To overcome the high pressure necessary for 
the fechiuque using a slandard syringe, we 


can use aspecific PDL syringe. 


PDE injections shouid fot be used of 





teeth or tecih with 





infection. 


2- Intrapulpal injection: 
Advantages: 


1. Profound anesthesia is given under back 
pressure to allow diffusion of anesthetic 


agent throughout the pulp. 


2. Immedtate onsetand no special syringes 


or needles are required. 





Fig. 3. Intrapulpal anesllisia 
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Disadvantages: 


I, 


Pain due to injection directly into vital 
and very sensitive pulp. 


2, Doration 15-20 min, balk of pulpal 


tissues snould be removed gutckly 
fo prevent recurrence of pain during 
mstrumentation 


3. Pulp must be exposed ‘uo permu direct 


myection, often problems with anesthetic 
occur before pulpal exposure. 


Recent advances in delivering local anesthesia: 


Although L.A injections are used to allevi- 
aie pain and reduce anxiety during treatment, 
yet they themselves are a source of pain and 
anxicty for many patients. Thus. topical an- 
esthesia in the form of gels and sprays has 
been used to reduce the pam during needle 
stick myjectron. Yet some patients still expe- 
rience moderate to severe discomfort after 
their use due to their short retention time and 
salivary wasnout. Toerelore, delivering mira- 
oral L.A through different delivery systems 
in ‘the form of (discs, table's, patches, films, 
hydrogels, sprays or microspneres) has at- 
tracted significant attention from academic 
and industrial rcseareners. This ts because 
the mucosa 1s highly vascularized and drug 
diffusing across toe oral mucosal membranes 
has direc: access to the systemic circulation 
via capillarics and venous drainage. 


Advantages: 


LL 


Site-specific targeting allowing dosage re- 
duction, 


Diminishing saltvary washout 


Easy drug withdrawal (stop the action of L.A 
alter the end of treatment section) 


Fast onset of action. 


Hien patient comphanee as the pam Factor 
associated with parenteral route can be ‘o- 
tally eliminated. 
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Local Anesthetic Reversal: 


Phen‘olamine mesylate (0.4 mg ina 1:7 ml 
cartridge, OraVerse) is an agent that reverses 
the mAluence of vasopressors on submucosal 
vessels. This agent when injected into the 
same site where tne anesthetic was adminis- 
trated, vessels dilate, leading to the enhanced 
absorption of L.A, thus shortening its dura- 
ton of action. 


Advantages: 

1. Endodontic patients may nench: from 
the usc of this agent iF ‘ney have speak- 
Ing engagements, mectings, or perform 
musical or theatrical events. 

2, Children with special needs wll avoid 
therr self-injury. 

3. Elderly patients will be allowed to have 
their nutritional intake, 

Disadvaniages: 

L. Expensive. 

2, Can only be used ‘f post-operative pain 
is not anticipated, as sustained anesthe- 
sta is beneficial for management of post- 
operative pain. 

I- Isolation in endodontics: 


ie 


The use of rubber dam inrcot canal treatment 
is mandatory (Cochran e* al, and Cohen and 
Schwartz) 


Advantages of tooth isolation using 
rubber dam: 


_ Kor the operator: 


a) 


Provides a clean and dry field and prevents 
salivary leakage which is contaminated 
with bacteria. 


Retracts and protects soft tissues. 


Improves visthility and prevents fogeme 
of the mirror upon magnification. 


Reduces nsk of cross-contamination. 
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Efficiency is increased, since it minimizes 
the patients conversation during treatment 
and the need for frequent rinsing . 


It improves the properties of dental 
materials and accuracy ol Electronic Apex 
Locators, 


For the patient: 











a) Enhances patient comfort by eliminating 
unpleasant tastes and dangerous risk. 
b) Prevents aspiration or swallowing of 
instruments or irrigants. 
2- Components of rubber dam: 
A- Clamps 
B- Forceps 
C- Frame 
D- Punch 
E- Rubber dam sheet 
F- Accessories 
A- Clamps: 
The fit of the rubber dam essentially depends 
on the chore of lhe appropriate clamp and ils 
correct positioning. Fig. (4a-c) 
?, Function of clamps: 
* They anchor robber dam to tooth. 
” Help in retracting gingiva. 
ii. The clamps are classified (accordin 
| design presence of wings 
According to material: 
0 Metallic ------- Stainless Steel 
(Radiopaque but stronger) 
0 Won metallic ----- -- Plastice which are: 


- Radiolucent in x ray which is an 
advantage in difficult cases where the 
pulp chamber and canals cannot be 
located in these cases if metal clamps 
arc uscdrubberdam should be removed, 
using plastic clamps the rubber dam can 
remain in place. 


- Less likely to damage tooth structure 
or existing restoration, 





Fig. 4. c. Molar clamps 


According to Jaw design: 
Bland clamp : 


Are identified by the jaws, which are flat 
and poini direcily toward each other. 


The jaws grasp the tooth at or above the 
gingival margin. 
They can be used in fully erupted tourh 


where cervical constriction prevents 
clamp from slipping off the tooth . 


Retentive clasp 


The jaws are usually narrow, curved 
which displace the gingiva and contact 
the toath below the maximum diameter 
of the crown. 
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According to presence of wing: 
Winged --------- permit the application 


of the rubber dam as a single unii 
during single tooth isolation. 


Wingless-------- are less bulky and 
may be preferred in the posterior 
sectors in patients with particularly 
thick cheeks. 


Universal clamps design: 


B- 


The butterfly Ivory No: 9 most anteriors 
and premolars, 
Ivory No 56 ----- most molars. 

Forceps: 


Used to carry the clamp to tooth and it is 
essential that these don’: have deep groove 
at their tips or they become very difficult to 


remove once clamp in place Fig. (5): 


C- Frame: 


He 


Maintains tension in the dam so that the 
lips and cheeks may be retracted as well. 


Metal ------- as Young's frame, 


Non Metal (plastic) as Nygaard-Oslby or 
Starlite frame (radiolucent; but balkier). 


New rubber dams recently introduced in 
the markel are the Handidam (Asepticy, 
Woodinville, WA) and the Insti-Dam 
(Zire Company, Bulfalo, MN), Fig. 
(6: ab). These rubber dam systems are 
with built in foldable radiolucent plastic 
frame for quick and convenient rubber 
dam isolation . 


D- Rubber dam punch: 


It’s used to cut a hole in rubber dam sheet 
which 18 cither single or multiple aceording 
to area of interest. Fig. (7): 


E- Rubber dam sheet: 


Classihed according to: 


CO) Adaiertat: 


Latex dam 
Latex free dam (flexidam) 
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Fig. 5. Clamp forceps 


al 


Pia 


Fig. 6a. Handidam 


Se eee we 


Fig. 6b, Insti-Daim 
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Fig. 7. Rubber dam punch 


O Consistency: 





- Heavy 

- Laight 

- Medium 
Medium ts preferred: 
l. Provides a utd tight seal. 
2. Dono’ tear easily. 


4, Superior protection of underlyme 
soft tissues from myury. 
O Color: 

- Ligh: 

- Dark 
N.B.: The quality of the dam sheets deterturates 
with time; in particular, they lose elasticity. 
One should therefore stock them in moderate 


quantities, keep them refrigcrated, and observe 
the expiration date on the back of the box, 


To test them, just after punching a hole in the 
dam, t m stretched in different dircctions to 
confirm that it does not tear. 


F- Accessories 
i- Tuckin g insiru ie iit 


e A plastic instrument used to shed ‘he 
rubber dam off ‘he wings of clamp to 
provide a moisture proof seal. 


2- Dressing: 


* Microbiological leakage between ‘he 
tooth and rubber dam may occur due to 
prolonged endodontic procedure or dur- 
mg radiography due to stretching of dam. 


* Application of dressing maternal ensure 
complete seal including tears in the dam 
and prevent leakage eg. Oraseal. 


3- daebricant 


Before postianing ‘he dam, it 158 
advisable to lubricate the inner surfaces 
well with Vasclmc or, morc simply, soap, 
50 that the sheet will slide better over 
the contours of the teeth, more easily 
overcome the contact areas, and close 
tightly 2round the cervix of the tnoth 


4-  Kubber dam napkins 
a. These prevent direct contact between the 


rubber sheet and the patient’s cheek, 


b. Their use is not mandatory; however, 
they are pariicularly mdicated in cases of 
allergy to the rubber of tne dam. 


5- Denial floss 


Preventing ‘he ingestion or aspiration of 
the clamp, 


6- Elastic wires 


Elastic wires of different thickness to 
keep the rubber dam in place. Fig. (83, 





Fig. §. (a-c) Elastic wirge 
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4- 

a. Application of sneet followed by clamp 
and frame. 

b. Application of clamp followed by sheet 
and frame. 

c. Attaching the clamp to sneet and frame 
outside patients moutn and then placed 
as one unil Lo Lhe required Loot. 

4- [solation in difficult cascs: 
A- Extensive floss of coronal footh structure: 


TEC INICAL & 


i, Use retentive clasps and deep reaching 
clamps. 


ii. Punch a Meger nole so that tne sheet can 
be stretched to include more teeth. 

ii Orihodentic bands cemented to support 

tooth with large undermined wall. 

iv. Gingivectomy may also be used. 


v. Build up: 


When lo build up? 


L. If the tooth is deemed restorable but 
the margin of sound tooth structure is 
subgingival 


2. If insufficicnt tooth structure prevents 


the placcment of a clamp 


Lad 


Cracks onthe remaining tootn structure, 
so place, build up immediately 


Build up can be accomplished by: 


l- A preformed copper band, a temporary 
crown, or an orthodontic band may be 
cemented over the remaining natural 
crown, 


[F so little tooth structure remains that 
eyen band or crown placement 15 not 
possible. In these cases it becomes 
necessary to replace tne missing tooth 
structure to facilitate placement of the 
rubber dam clamp and prevent leakage 


into the pulp cavity during the course. of 


treatment. 
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3- Canal Projection: 


Canal projection is a technique that 
facilitates pre endodontic buildup of 
broken down coronal and radicular 
structure woile preserve individualized 
access to tne canal. 


Material used for canal projection: 


Although any of a number of syrmecable 
materials (glass lonomer cements, temporary 


COITICIILS , 


permanent cements, ele.) and even 


“packable” composites may be used to project 
the canals, bonded injectable autopoiymenzng 
composites have proven to be the most versatile 
and reliable buildup material for this technique 


Technique: 


I. 


In curyed canals, straignt-line access 13 
created to the first significant curvature by 
removing dentin “triangles” wilh small, 
slow-speed round burs, working into the 
bulk of each root (i.e. working away from 
the furcal aspect of the root). Fig (9A) 


If there is no significant curvature in a 
particular canal, then the orifice snould be 
dimpled to the depth of a #2 slow-speed 
round bur. 


Anapproprialy malrix barrier is applied, and 
all bondable surfaces are etched and primed. 


Files are selected that will fit well into 
the body of eacno canal, and projectors 
(CJM Engincering, Santa Barbara, CA), 
tapered plastic sleeves available in various 


dimensions, are placed onto the files. 
Fig (9B) 


The files are then inserted into the canals, 
and the projectors are slid apically until they 
are drawn into the seat of the previously 
prepared straight-line access or dimples. 
Fig (9C) 


Inject an appropriate auto-polymerizing 
material sich as composite or glass lonomer 
inlo loe chamber, injecting il Crom lhe boitom 
up to avoid trapping air bubnles, Fig (Y1)) 
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LOCAL ANESTHESIA AND ISOLATION IN ENDODORTICS 


8. 


lü. 





Fig. 9. Steps of the Canal projection technique 


Make certam the file handles are in desired 
alignment, Fig (9E) 


Atan early stage of polymerization, work 
the files m several short vertical strokes, 
toen carefully remove them Fig (9F) 


Flatten the surface of the polymerized 
projection matrix and the coronal portion of 
tne imbedded Projectors using a high-speed, 
hull-nosed diamond. Fig (9G) 

Remove Projectors by inserting a No. 60 or 


larger Hedstrom Ale, rotating it to cngagc tne 
flutes in the lumen of the Projector. Fig (9H) 


Advantages ofcanal projection technique: 


L. 


fa 


3 
4. 


Isolation 
Seal of chamber floor 
Elongation of canals 


Overlay of perforation repair 


Cry 


fi- Crowns with poor retentive shapes: 


Prevention of perforation 

Reduced potential [or crack initialion or 
propa gation 

Prevention of ingrowth of tissue 


Individualization of canals in multicanal 
feetn 


Ehimination of “hind exploration” on 
the chamber flocr and improvement of 
mechanics related to handpiece-driven files 





i. Placing clamp on another tooth. 


il By building retentive shapes on the 
crown using Composite bonded to etched 
tooth surface. 


lil. Using deep reaching clamps. 


iv. Ligation: with dental floss or using 
interproximal wedgets., 


“FI AN (Al RATING A -A GODRONTH 4 
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C- Teeth with porcelain crowns: 3. Placing a layer of rubber dam sheet 
hetween clamp and porcelain will act as 


4 cushion. 





* In some cases application of clamp may 
cause crown fracture. 


How to avoid? 5- Contraindications of rubber dam: 


1. @lampshould be paced onannthertooth. i Seo 


h, Moun breathers. 


boi 


Clamp should engage below crown 
margin, 





CHAPTER REVIEW Q VESTIONS 


|- What are the possible adverse cffects o7 a local anesthetic azent? 

2- Deseribe the supememal anesthetic techniques usedl m enlaces 

3- Describe the recent advances in delivering local anesthesia and the local anesthestic reversal 
4- Deseribe the difterent components of rubber dam and their functions, 

5- Discuss the canal projection tzchniguz for build upand its advantages 
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e Gare N, Gare å. Textbook of Endodontics: case selection and treatment planning. plO3-L10. 1" ed 
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132-1714, 27009 
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Aiter reading this chapter, 
the student should be able to 





( f E 
AF LEP 
j 


Emergency 
Treatment in 


Endodontics 


TECHNICAL & CLINICAL ENDODONTICS 


Postgraduate students should be able to 





1. Jnde-stand the dafinition of flare-up. 
2. Analyze endodontic emergercies and their etiolagy. 


3. Crite ze the diferent app oaches for management ol 
acute périanica abscess. 


4.) Assess ocirts of ditherences between acte periapical an- 
scess and Phoenix asscess, 


5. Criticize open vs. closed access cavity used for crainage. 


&. Crrcelate [aker-annsintment amegencies with intar-ar- 
rointmert STE PETC Cases, 


- 


Aa Dr. 
CATEGORIES 

Pretreatme at ermnergencies, 
[ntar-appairtment pair, 

Inter appsirtrnent emerge cies, 


Fos L-a ntinenil RM Pencils, 


THE CHALLENGE 


Ditferent ation of amergercy and development of plan ot 
t‘eatrnent. 


C assificatisn of emergencies in anractica way, 
Sans and symptoms related to c inical cases. 
Diagnosis nat appl ed way. 
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EMERGENCY TREATMENT IN ENDODONTICS 


H mergency in denlistry may be classified 
ite: pain and swelling 


Emergency Visit means treatment done. m the first 
visit 

85 to 90% of emergency cases in the dental 
field are due to 

PULPALand/OR PERIAPICALREASONS 


An endodontic flare-up :s defined as an acute 
exacerbation of a periradicular pathosis after tne 
Initiation or continuation of non surgical root 
canal treatment, Incidence may be from 2% to 
20% of cases, 


Classification: 

Pretreatment Emergencies 
[ntcr-appointment emergencies 
Post-appointment emergencies 


Post treatment emergency: a term used after 
SINGLE VISIT treatment. 

For proper diagnosis you must: 

Cbhtain brief medical and dental histories. 

Ask oblective questions about pain such as: 
character 


location severity - duration - 


stimuli — onset. 
Perform pulp testing. 
Perform palpation and percussion testing. 


Perform a good radiograph. 


PRE-TREATMENT EMERGENCIES 
Acule pulpitis 

Acute pulpitis with apical periodontitis 
Pulp necrosis 

Acute periapical abscess 
PRE-TREATMENT EMERGENCIES 


I, Acute Pulpitis:- 

Severe, excruciating, tarobbing pain: 
Increase at nigne. 

Increase when patient is lying down. 
Relieved by cold. 

Spontaneous or caused by an iritant, 








Referred / diffuse (due to absence of pressure 
receptors), 

Acute Pulpitis:- 
Early stage pain... inereased by heat and cold, 
Severe, excruciating, throbbing pain, increases 
at might or when patient is lying down. 

Visual examination and history: 

Caries — deep filling — trauma — History of 
irritation. 

Pain m dilfuse and caused by an irritant or 
spontaneods. 

Palpation and percussion ..., —ve. 

Radiographs ....— ve or slight widening in the 
lamina dura, 

Vitality tests: 

Thermal. 


Early stage: Heat and cold elicit sharp pain. 


Intermediate stage: Heat increases pain while 
cold relieves pain (hot tootn). 


Late stage: [leat and cold cause persistent pain. 


Pulp tester: severe pain at low current (low 
reading) . 


Emergency treatment: Pulpectomy/ pulpotomy 


Pulpectomy 

Premedication with anti-inflammatory agent. 
Deep L.A. 

Access cavity and pulp exposure with ultra high 
specd under efficient cooling. 

Intrapulpal anaesthesia. 

Pulp extirpation. 

Irrigation, 

Dryness with paper points. 


Dry cotton and temporary dressing. 


Pulpotomy 


Removal of the pulp from the pulp chamber 
only by means of snarp spoon excavator or large 
round bur at low speed . 


Dryness of blood. 
Insertion of a cotton pellet saturated with 
formocresol into tne pulp chamber for | minute. 


Removal of tne entton pellet and insertion of 
another pellet lightly dampened witn formocresol 
into the pulp chamber. 


Dressing with temporary filling over the cotton 
pellet. 


Patient is recalled after 2— 3 days for RCT. 


Formocresol causes fixation of pulp tissse inside 
the canals to stop the inflammatory process and 
hence pain. 


IT. Acute Pulpitis With Apical Periodontitis:- 





Inflammation of the pulp whicn has extended to 
involve the periapical tissue. 

Signs and symptoms: 

All signs, symploms, radiographic and pulp 
testing are the same of that of acute pulpitis, 
besides pain is: 

Localized . 

Tooth elongation, 

Tenderness to percussion. 

Emergency treatment: 

Pulpectomy 


HI. Pulp necrosis: 


Necrows fs Voi An hinere cry... 
tei ft Aday Create An Emergency?! 
Pulp necrosis 

It may cause an emergency when: 


l. Nevrolie remmanls exiend to the periapical 
tissuc, OF 


2. Pushed by the operalor io pass the apical 
foramen mto the periapical arca. 


Signs and Symp urns: 
No complain: - no response to vitality tests and 
pere ass:on. 


Radiographically ..... Slight widening in the 


lamina dura. 
Emergency treatment: 


Debridement of necrotic rermnants are performed 
over two visits to avoid pushing of remnants and 
bacteria periapically . 

In the first visit remove remnants from coronal 2/3 
of the canal. In the second vistt remove remnants 
from the apical !/3. However, ‘otal removal of 
remnants may be dons in the first visit followed by 
myection of intracanal calcrum hydroxide. 


A cotten with medicament and temporary 
filling are used between visits, 


IV. Acute Periapical Abscess:- 


Signs andSymtoms: 


Vitality: .... Some vital response to EPT. or non 
vital, 


Swelling: either .... absent with severe pain 


(early stage). 

localized or ditfuse with less pam (late stage). 
severe, throbbing pain. 

Tooth feels elongated with tenderness ‘o biting. 
Tenderness to percussion. 


Radiograpny. Ranges from widening of the 
lamina dura to periapical radioluccney. 


Patient is .... febrile or afebrile. 
emergency treatment 
Anaesthesia ... nerve block or ring block, 


dnfiiration anaesihesta into the abscesy ts 
contradicted because of : 
Pain, 
- Dissennnaiiorn of incrooreaniseis, 
- Dilution of anaesthetic solution tito the pus, 
Drainage of pus: 
First chotce ..... Through the canal. 


Second chorce ... factstoi aad drauaee {f & 1). 
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EMERGENCY FREATMENT IN ENDJVODORTICS 


Drainage through the canal: 
Actress cayily. 
Deroofing. 


Drainage through the cavity which could be 
helped by aspiration using suction device, 


If pus does not drain through the access cavity, 
mechanical preparation is done oushing the 
instruments aut of the apical foramen for 
a distance of 2-2 mm to remove the apical 
constriction, 


Amical constriction 1s widened up to size 40 le. 


Reaching this size pus either: 
Drains or docs not drain, 
Pattcrn of drainage: 


Yellowish, white, or greenish white in colour 
followed by: 


Pus mixed with blood, pus bloody tinged, blood, 
then a clear serum exudate 


Irrigation First visit: warm saline or distilled 
Water 


NaOCl has tendency to clump the pus 
second visit: 

NaQCl (from 0.5% to 5 24%) 

or 

alternate use of H O, andNaOc 
Begin with H0, (axidizing agent), 
followed by Na(l (reducing agent). 


Repeat the process and make surc ‘hat ‘he 
final solution is NaOCl, 


These two solutions make foaming when used 
together and wall aid in bubbling out of debris 
and pus 


release nascent oR 


NaOCl ....reduces excess O, and hence 
prevents its build up. 


Bild up O, leads to emphysema causing 
pain in the periapical tissues, 

After irrigation dry with pacer ooints 
followed by dry cotton and temporary filling. 


Reappoint at | — 3 days. 
Preserihe antibintics. 


Sealing with temporary filling is 
inportant, 


very 


[f acecss cavity was not closed it may allow; 
Packing of food debris into the canals. 


New types of microorganisms pushed into 
the canals causing superimposed infection. 


When access should be 
une lose Ll? F? 


cavity kept 


Access cavity 1s kept open when: drainage of 
pus does not stop, Aare up persists or takes 
place in the periapical tissnes. 

Open access cavity. 
Prescribe antibiotics. 

Second visit: 
Debridement with barbed broach 


Enlarge the canals to approximately one size 
smaller than the final size fle. 


Keep access open, 
Next visit: 
Apply rubber dam. 
Debridement with barbed broach ... no filing. 


Heavy irrigation and then dry with paper 
points. 


Close with dry cotton pellet and temporary 
Alling. 


Filing at this visit may push debris or jacteria 
periapically causing flare up. 


Last visit: 
Apcly robber dam. 
Remove temporary biling. 
Tastrurmen.ation is done to the final size file. 


Master cone and obturation. 
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Rule of open access 


[f you filc do not close... if you close do not file 


Time between each visit and the mexi ranges 
between L and 7 days. 


Inability to drain throuzh the canal: 
This could happen when: 
Pus is extremely viscous. 


Pus penetrated alveolar bone and accumulated 
submucosally. 


Presence of post and core. 


Presence of broken instrument, 
Calcification. 


Inability to damage an existing restoration. 


Incision and Drainage (I and D) 


A stab incision is made below the most 
dependent point of the swelling Fig. (1). 
The compact bons ts probed with an explorer 
to locate a perforation. 

Artificial fistulation or trephina‘ion may then 
be done, 

Artificial fistuiation (Artifisculationi: 


The point of perforation in cortical bone piate 
is widened by either a sharp spoon excavator, 
periodontal curette or large size endodontic file. 


Pus will then drain out. 


Trephination: 

If artifistulation fails to give sufficient drainage, 
trephination is done. 

A tapering fissure bur or round hur is used to 
create multiple holes in the cortical bone in a 


fonn of a circle of lem in diameter. 


The fissure bar is then used to connect ‘nese 
holes together under sufficien: water cooling. 
The root apex and surrounding lesion will be 
uncovered and drainage obtained. 
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[Insertion of a drain: 


lo allow furtner drainage a strip of runber dam 
material of 2x2 cm is cut to resemble letter H or 
T and tnen disinfected Pig. (2A). 

One hall of the drain is placed inside lne 


periapical area and the other half pro‘trsading 
outside the flap Fig. (2B). 


The junction between tne 2 halves of the drain 
is sutured to the unretracted edge of the flap to 
keep it open for drainage. 
Antibiotics are prescribed and  anotner 
appointment is given after 4-5 days. 
In the subsequent appointment the drain ts 


removed and suturimg of the flap is done. 





Fig. |. A stab incision below the most dependent area. 








Fip. 2. (a) A piece of rubber dam "T shaped” (bi drain in 
place 
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INTER-APPO[INTMENT EMERGENCIES 


Procedures which cause or increase pain are: 


l. Mis-diagnosis: 


Causes: incorrect identification of the 


offending tooth. 
Pain originating from another source. 
Prevention: proper careful diagnosis. 


ba 


Missed canal: 


Causes: lack of information of macroscopic 
anatomy, lack of clinical experience. 


Prevention: studying of teeth anatomy,ase of 
the shili technique in periapical radiographs. 


4. Incomplete removal of pulp tisse: 





Causes: inserting instruments half way into 
the root canal producing further irritation of 
the remaining inflamed tissage in the canal. 
Severe pain especially with bot and cold 
would follow. 
Prevention: complete removal of pulp tissue 
(pulpectomy). 

4, Overtnstrumentation: 
Causes: overmnstrumentation beyond the 
apical foramen. 


Prevention: correct determination of 
the working length and hence IJimiting 
instrumentation to the tooth length. 


_ Method of irrigation: 





Causes: forcing irigatme solutions mto the 
canals under pressure 


Prevention: avoid pressure and the needle 
should be kept in up and down motion during 
irrigation. 
You may use laterally perforated needles 
(Fig 3). 

6. Open versus clused access: 
Open ACCESS May Case. 
Packing of food and saliva. 
Superimposed infection by new micronorgan- 
isms takes place. 





Fig 36. Solution coming cut from the nezdle. 


Prevention: keep the acecss scaled witk 

temporary dressing. 

However, tooth may be kept open tn case of: 
* Presence of diffuse swelling or cellulitis. 


e Excessive discharge. 


_Intracanal medicaments: 


Causes: overmedication permeates med:ca- 
ments info periapex producing inflammation 
and pain. 

Prevention: their use is limited to certain 
eases and should be kept into the pulp 
chamber only. 

Ca(OH)? paste is currently recommended as 
a medicament in case of: 


Persisting oxidation (weeping canals). 


TECHNICAL A CLINICAL ENDOGORTICS 





Fig 4 Ovcrinstrumentation forcing aebris perliapically, 


Presence of necrotic pulp partially or 
completely removed, 


Flare up cases, 


8. High oeclusion: 
Causes: High points in the temporary filling 
hetween visits. 


Prevention: Bringing tne tooth and filling 
slightly underovelusion between visis. 


Inter-Appointment Emergencey Cases 
L. Secondary acute apical periodontitis. - 
2. Incomplete removal of pulp tissue. 
3, Phoenix abscess. 

l- Secondary Acute Apical Periodontitis i 
Causes: - Overinstrumentation Fig, (4), 
- Overmedication. 
- Forcing debris into the periapical tissue 
Fis. (4). 

Symptoms: 

- Pam to percussion. 

- Throbbing, gnawing and pounding pain. 

- Tooth elongation. 

Diagnosis; 
It is confirmed by inserting a thin sterile 
paper point into the canal and pushing itfora 


distance of | or 2mm lonzer than the working 
length 


a 


First: paper point will extend easily past the 


apical foramen. 


Second: on withdrawal the tip will disclose 


a reddish or brownish color indicating 
inflamed periapical tissue and absence of 
Apical stop Fiz. (3), 





Fig. 5. Paper points with blood traces 


Treatment: 


Inserluing a pol yanubiotiv-corucostervid paste 
into the periapical tissue by means of a thin 
paper point. 


Injecting Ca(OH)? paste into the root canal and 
sealing it with a temporary Alline for few days. 


2- Incomplete Removal Of Pulp Tissue 


Symptoms: 


Sensitivity to hot and cold. 


Pain to percussion, 


Dagnnsis: 


A sterile paper point is inserted into the canal 
defintely short of the working length. 


On witndrawal the ‘ip of the point will 
display a brownish discoloration indicative 
of presence of inflamed seeping tissues. 
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CMCRGCNCY TRCATMCNT IN CNDODONTICS 


Treatment: 


Determine the correct tooth length and 
extirpate the remnants of the pulp ‘issues 
(Fig 6). 





Fig. 6 Incomplete and complete reriovai of pulp lissus 


3- Recrudescence of a chronic periapical 
lesion (Recrudescent or Phoenix abscess): 


Acute exacerbation of a chronic lesion. 


Chrome lesions may become acule during 
endodontic treatment. 


This condition is referred Lo as: 
Recrudescence means... Breakingout anew 


Phoenix means..... Rebirth 


Recrudescence of a chronic periapical lesion: 
Causes: 


Pushing new straims of microorganisms inte 
the periapex., 
Pushing or forcing necrotic debris. 


Oyerinstrumentation, 


symptoms: 
The same symptoms of acute periapical 
abscess together with: 
lL. Dehnite tooth mobility. 
2. Complete loss of response to vitaltty rests. 


3. Well defined periapical radiolucency. 


Treatment: 





The same treatment of acute periapi 


I{l.POST-APPOINTMENTEMERGENCIES 


About one third of endodontic patients 
complain of pain after obturation. 


Causes: 
Irritation by obturation materials. 
Overfilling. 
Extrusion of sealer periapically. 
Poor seal (leakage). 


High occlasion, 


Management: 
l. Adequate, acceptable ront canal filling. 
Pain only .... rcassuranes and analgesics. 
Pain and swelling ... I and D and antibiotics. 
canal 


2. Inadequate, unacceptable root 


hj ling. 
a. Correctable 

Retreatment (root canal therapy) 
D. Incorrectable 


Surgical intervention (apical surgery) 
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CHAPTER REVIEW QUESTIONS 





Discuss sens, symptoms and emergency treatment of acute pulpitis with apical periodontitis. 


2 Describe emergency treatment of acuta apical abszess. 

3 What are the causes and preventive measures of inler-appointment pain? 

4, Compares signs, s¥mptoms and emergency reatmento: acute periapical abscess and recrudescent 
abscess. 

A Give an account of post-appaintment emergencies and their management. 





* Hargreaves KM, Colen S. Cohen's Paliways of Ue Pulp. L0” ed. Mosby El Sevier, 2011. 


° Beer R, Baumann MA, Kielbassa AM. Color Textbook Allas of Endodontics. 34ed  Milestune 
publisher, 2009, 


i Arene DE, Adams WR, De Castro Endodontic Surgery. 10* ed. Harper and Row Publishers, 1980. 
e BenceR, Weine FS Handbook of Clinical Endodontics. 22d. The C.Y. Mosby company. 1980. 


a Wallon RE, Torabingjad M. Principles and Practice of Endodontics. 2™ ed. W B. Saunders Company. 
[9596 


a Gulmann JL, DumshaTC,Loydahl PE. Problem Solving in Endodontics. Prevention, identification, 
and management. 4" ed. Moshy FI Sevier, 2006. 


e  Weme FS Endodontie therapy. 3" ed Mosby-Year book, Ine, | 996 
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Iraumatic 


Dental Injuries 
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Causes of traumatic denlal injuries 


Fncidence of irammnatit injury 
Classification of traumatic dental injuries 
Examination and diagnosis 


Management of traumatic dental injurics 






Enamel fracture 


After reading this chapter, 
the student should be able to 


Uncomplicated crown tractures 





Complicated crown fractures 
ras Factors affecting treatment ofanning and prognosis. 
ahe examining patients with aen Treanne nt Opon? 
| l DRR Thevtucen! metli 
ribe the diagnostic tesis an Root fractures 
Crowniroot fractures 
Tooth [uxation injurics 
Concussion 
Subluxation, 
imp i ž : y mi | cture Lateral-luxation 
Vertical luxations 

On sruisive: h a ig) Extrusive luxation 
ae i Intr usive luxation 
cognize possible short and long Consequences #f pulpal damage 
i Treatment 
Tooth avulsion. 
Factors affecting treatment 
ni | Treatment 
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TRAUMATIC DENTAL INJURIES 


raumatic injuries tn the tooth result in 

damage to many dental and periradicular 

structures. Although the immediate 
consequences may appear obvious and dramatic 
yet in many circumstances, the true picture takes 
time to emerge knowledge of the interrelating 
healing patterns of this tissue is essential to 
manage the multifactorial consequences of these 
IN:UTICS. 


Causes of traumatic dental injuries: 


Traffic accidents 
Falling while running 
Acts of violence and 
Sports accidents 


Incidence of traumatic injury: 


1) Age: 
" Deciduous most common (2-5 years). 


= Permanent (7-12 years), 
2) Sex: Boys > girls 2:1. 


3) Sile: 


" Mandibular incisor. 


4) Occlusion; Maloccluston predispost tion. 


Classification of traumatic dental injuries 


hased on Andreasen s modification of the World 
ffealt Organization 8 


VHQ) classification this 
classification system is preferable as tt has a ade- 
scriptive format based on anatomic and thera- 
peutic consideration{Pig 1,2), 





" feamel fracture: involves the enamel oniy 
and tacindes enamel chipping ana ACOM- 
plete fractures or enamel cracks. 


© (Crows fracture without puip exposure: An 
uncomplicated fracture ivelving enanie! 
and dentin with no pulp exposure. 


© Crown fracture with pulp exposure: jiivoly- 
rac enamel and dentin with prip exposure 


u Crown- roof fracture: Tooth fracture that 
includes enamel, dentin and rool cementum 
and may orinay nol include the prip. 


"€ Root fracture: Fracture of the root only ir- 
volving cementum dentin and the pulp. 


a dexation injuries: foofh fuxdtions incihide 
coacuston, subluxation extrusme duxatrort, 
lateral luxation, and intrusive luxation. 


© Avulsion: Complete displacement of a tooth 
out of its socket. 


"= Fracture of the alveolar process (mandible 
or maxilla) racire or communication of the 
lveolar socket or of the alveolar process . 





Fig.l. 


Town Luol raure. 


Toolh dachures; enamel hacinie, uncomplicaled cowna achin e, compl cated pwu 
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Fip. 2 Tooth luxations; subluxation, extrusi¥e, lateral luxalion and inlrugive luxation. 


Examination and Diagnosis 


The examination process of trauma patients 1s 
similar to the regular examination of all end- 
odoentic patients inclucing case history, clinical 
examination with the aid of the vitality test and 
radiograph. 


Chief Complaint 
‘Fhe chief complaint may appear obvious in 
tranmatic injuries. However, tne patient should 


be asked about severe pain and other significant 
symptoms. 


History of Injury 
To provide information abou’ the accident in 
chronologic order and determine what effect it 
had on the patient. 


How did the injury nappen? To assist in locating 
spec. fie Injuries and teeta involved. 


When and where did the injury happen? 
Have you had dental treatment before? 
Have you noticed any symptoms since the injury? 


Medical History: 


The patient medical history 18 often significant 
especially to clear: 


CES AA CLIN CALE N ee Pe 


"= Allergic reactions to medications. 


® Disorders e.g. bleeding problems, diabetes 
& epilepsy. 


" Current medications; to avoid unwanted 
drug interactions 


© ‘letanus immunization status 
Chintcal exupunciion: 


Extraoral examination 

Head and neck neurological] examination tor; 
"1 Abnormal signs and symptoms, 
® Abnorm! allirmative response. 


Facial hones; the maxilla, mandib.c and FMI arc 
palpated ex‘emally to detect any possible frac- 
tures, or deviation from the normal bony contour, 


Laceration of tne soft tissues. 


Intraoral examination 


Soft tissue examination: 


Lacerations of lips and tongue must be radio- 
graphically examined tor embedded foreign ob- 
eels (Fie 3]. 


Areas adjacent to fractured teeth should be care- 
fully examined and palpated for arcas of swell- 
ing, tenderness and bruising. 
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Fie. 3. Tooth fragment embedded in lip. A radiograph of the 
laceraled lip showed tooth fragment embedded 


Hard tissue Icxamination (l'ig 4 





Several teeth are out of alignments means frac- 
(ure of mandible or maxilla. 


Loose tooth means displacement from alveolar 
socket. 


Movement of several teeth ridicate alveolar 


fracture. 


Displaced tooth 1s tender to percussion due to 
accumulation of extravasated fluid and hemor- 
roage in the gingival sulcus is a common fading. 


Mobility of the tooth is recorded and crown 
mobility should be differentiated from tooth 
mobility. 


The mandible should be examined for fractures 
by placing the fore fingers on tne occlusal plane 
of (he posterior (eel with the thumbs under the 
mandible and thenrocking it gently but with firm 
pressure from side to side and from anterior to 
posterior direction, sound of the broken parts 
may be heard. 
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Sensitivity tests 

Subsequent to traumatic injury, the traurnatized 
tooth ts vulnerable to false negative readings 
from an electrical or thermal stimulus. The con- 
duction capability of the nerve endings and/or 
sensory receptors ts suffictently deranged to in- 
hibtt the nerve 1mpulse of such tests. 


It may take as 9 months for normal blood flow 
to return to coronal pulp of a traumatized fully 
formed tooth. So teeth that respond negatively to 
pulp testing can’t be assumed necrotic and may 
give positive response later. Also teeth that re- 
spond positively at the initial test had to be fol- 
lowed up later. 


Thermal and electrical pulp tests of all anterior 
teeth (canine to canine) of the maxillary and 
macidibular jaws should be performed at tne time 
of the initial examination and carefully recorded 
lo establish a baseliue for comparison with sub- 
sequent repeated tests at 4 weeks; at 3, 6, and 12 
months; and at yearly intervals after the trauma. 


The electrical paip test relies on electrical im- 
pulses directly stimulating the aerves of the pulp. 
Tney are useful when the dentinal tubules are. 
closed and do not allow dentinal fluid to flow in 
[nem as in elderly patient or in traumatized teeth 
tnat are undergoing premature sclerosis. Howev- 
er, these tests have limited value in young teeth. 


Recently, Laser Doppler Fiowmetry (LDF) 
technolozy have been attempted in traumatized 
teeth because this would provide a more accu- 
rate reading of the vitality status of the pulp 
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Fiz, 4. Percussion, palpitation and mobility . The toothis examined in all directions including axially & recorded 
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Radiographic examination 


[t revels root fractures, sub-gingival crown trac- 
‘ure, tonth displacements, bone fracture and root 
resorption. Also, dimension of root canal space, 
apical closure and prox:mity of the fracture line 
to pulp are outlined from the radiographs. Oc- 
clusal or panoramic radiographs arc helptil ‘nals 
for bone fracture detection, 


For the management of traumatic dental injur:es, 
tne International Association of Dental Trauma- 
tolozy (IADT) has recommended taking at least 
four different radiographs for almost every in- 
jury, a direct 90-degree on the axis of ‘ne tooth, 
two with different vertical angulations, and one 
occlusal film 


Limitations of the radiograph include inability to 
reveal fracture line running mn mesio-distal di- 
rection, diagona. fracture line in buecco-lingual 
direction and hairline fracture 

Recently Cone Beant computed tomogra 
(CBCT), maging techniques has been suggested 
as an adjunct tool when the true nature of the 
denltoalveo.ar root fracture and dental injuries 
cannot be diagnosed from a conventiona. exami- 
nation and radiographs. CBCT provides precise, 
essentially immediate, and accurate 3D radio 
graphie nages (fi 5,6). 
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Fig. 5. 


Periapical radiograph o? upper central incisors 
CRET Sayillal view 
Imaging Of the lel mesar of the same paten 
revealed a lateral luxation displacement invury 
with extensive concomitant alveolar fracture. 


reveals crv Traclurss. 
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Fig. & Periapical radiograph o upper zenlrals and left 
lateral inc:sors, that had recently been splinted in 
anemergency room, CBCT Saettlal view naging 
of the lateral incisor revealed how severe the 


tlixplacsrrieail was. 
Management of Traumatic Injuries 


Enamel fracture 


Also called crown infractions. Include chips and 
cracks confined to the enamel and not crossing 
ename. dentin border. I heoretically, these fractures 
are “Weak poini” through which bacteria & their 
by-products can travel to challenge the pulp. 


Micenosis: using transilumination to detect tne 
cracks or the presence of sharp or rough edges. 


Emergency treatment, grinding and smouthen- 
ing the rough edges or restoring the lost tooth 
Structure. 


Follow up and Prognosis: The prognosis is good, 
however, tue injury that produce the fracture 
may alsn have displaced (luxated) the toota and 
damaged the blood vessels supplying the pulp 





Meticulous follow up, up to 5 years, is a preven- 
tive endodontic measure. 


Sequelae of this injury, pulp necrosis, fitertial 
resorption and calcific metamorphosis 


Greamnpucaed Crawna fractures (no pulp expo 


sure) 33%-50%) (Fig 7,8 





Tae outcome of exposed dentinal tubules-- irri- 
tation tn the pulp or pulp necrosis depends an 
age of patient, surface area exposed, length of 
time to start treatmens, 
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Fig. 7. Crown fracture result in loss of enamel and dentin 
A pink spot can bz szen hul if there i nn direct 
exposures, Ihe Taciure is re eril hi without pulp 
Involvement, 


Fig. Uncomplicated Crown fractures (n> pulp exposure); 
the crown is repaired with bonded composite 


Diagnosis 
" Patient complain of sensitivity to air, cold 
and hot 
® Puip status using sensitivily tests 


" Periodontal itgament status 





Emergency trearnient 


" Seal dentinal tubules with Ca(QH)2, ¿his 
will disinfect the fractured dentmal surface 
and stimulate closure of dentinal tubules to 
be less permeable to noxious stimulant. 





" Kestore witn dentin bonding agents, and erz- 
ate a tight seai. 


" Reattach If the fracture crown fragment ts 
avatlable. 


Prognosts and follow up - 
Routine 3,6, 12 moaths- up iv $ vears 


re 


Foefors affect prognosis.: 





" Proximity to puip 
® Exposed denlime area 


" Time elapsed 


Complicated Crown fractures (with pulp expo- 
sure }-(0.9-15% }(Fig 9) 





The degree of pulp involvement varies from a 
pin point exposure lo a total de-rooling of the 
coronal pulp. 





Fig. 9. Crown fractures with pulp exposure- a pin point 
exposure - total dzroofing of the coronal pulp. 


Diagnosis: 
Chief complaint: Fracture of ‘he crown, bleeding. 


Clinical Examination reveals an exposed pulp. 


Pulp reaction (Fig 10) 

The initial pulp reaction is hemorrhage at the site of 
the pup wound. Next, a superhcial inflammatory 
response occurs, followed by either destructive 
(necrotic) or pro.iferative (pulp polyp) reaction. 


Also, because the [ractured surface is usually 
Eat, allowing salivary rinsing with little chance 
at impaction of debris, in the hrs‘ 24 hours the 
inflammation does not extend more than 2 mm 
into the pulp. 


While in the presence of bacterial contamination 


local pulp necrosis and a s.ow apical spread of 


pulpal inflammation occur. 


Factors affecting treatment planning and 
prognosis 
" Stage oftooth development and pulp status 
e Time between trawna and treatment 
" Attachment damage 


# Restorative treatment pan 
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Every effort should be directed toward keep- 
ing the vitality of the pulp. This 15 particularly 
important in immature teeth in which continued 
root development will result in a stronger tooth 
that is ‘nore resistant ‘o fractures than one with 
thin dentin walls and open apex. 


freahment opiions 


The line of treatment chosen depends on the extent 
of the fracture, tune between inury and treat:uent 
as wel as the stage of mot development. 


l- Vital pulp therapy tech#i gues of d4pexogenesis. 


Pulp capping (immature, vital, pinpoint ex- 
posure, less that 24h our). 


Puipotomy, (immature, vital, bigger expo- 
sure, more than 2¢hour) 


This is also applied to mature tooth that car 
be restored with acid etched composite. 


Conventional RCT 


Preceded 
non- vital) 


rea 


by Apexification  (himature, 


Not preceded bp Apexificatiua fmuture, 
definitive freaiment) 


3- Regeneration of pulp tissue 


d- Survical treatment 


Fig. 10. Superhcial inflammatory response occurs at the 2xpo3urec sits (24 hours t. Later a proliferative (pulp polyp) reaction 
Fhhours) is present, 
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Tedatwienl imelhods 


bite? Pulp Therapy 
Apexogenests, Treatment of a vital pulp in an 
favnature tool to permit continued root growth 
and apical clasure. 


Criteria for vase selection for Fial Pulp Taeru- 


py and reguiremeni for suecess 





1- Treatment ofa healtny pulp (within 24hour) 


The touti must be asymplomace wil ab 
sence of spontaneous pain, pain on percus- 
sion, no periapical les:on and controllable 
hemorrhage. 


2- A bacteria-tight seal 
3- A proper pulp dressing 


Materials used for pulp dressing in vital pulp 
therapy 


1- Calcium hydroxide (Ca (OH)? 


2- Mineral Trioxide Aggregate (MTA) 

3- Newer generation bioceramic materials that 
have the same positive properties as MTA 
but not the disadvantages. They set quickly 
enough fora one-visil procedure and do not 
discolor the tootn. 


Techniques 
Pulp capping fsuecess 5025) 


Superficial inflammation develops soon acter 
traumat:e exposure which might explain the low 
success rate, thus, if the treatment is at the su- 
perficial level, a number of :nflamed (rather than 
healthy) pulps will be treated, lowering tne po 
lemial [ur success. 


Cvek Partial Pulpoiomy {success 9320) (Fig tb 


Remove superhcial inflamed pulp and allows 
space for sensitivity testing, 


Full Pulpotomy {success 75%), sensitivity testing 
not possible, follow up is done radiographically 





Fig 11. Cvek Partial Pulpotomy, Pull(Ca (OH )2 Pulpotomy 


Treatment of non-vital puli 





A non-vital immature tooth presents a number 
of difficulties for adequate endodont:c therapy. 
A wide apex with no barrier to prevent the filling 
extrusion wild canal welly susceptible to leak- 
age, thin dentinal wall tnat might fracture during 
and after treatment. 


f- immature tooth: Apextfication 


It is the induction of hard t:ssue barrier 
against open apex, where this barrier pro- 
y:des a stop against which tne root canal fill- 
Ing material may be condensed and confined 
to the root canal space. 


Prognosis following Apevifieatian 





e (ontinuous closure of canal and apex to 
normal configuration. 


e Apex closure, bul canal remains with blun- 
derbuss conAguration. 


» Radiographic evidence of barrier short of apex 


® No radiographic change, but thin osteoid- 
like barrier provide deñnite stop at apex. 


= No radiographic ey:dence of barrier and clini- 
cal symptoms of periapical lesion (failure). 





Filling of the root cana! and reinforcement 
of the thin dentinalivall 


Care must be taken to avoid lateral force 
during filling owing tu the thin rout walls. 
Also softened filling ‘technique is preter- 
able. The root canal filling should be com- 
pleted to ihe level of the furmed apical Dar- 
ner and not to the radiographic apex. 


2- Immature tooth: Bard Tissue Apical Barrier 


(Hig 12). 


Bivceranmnc materials as MTA has been 
used to create a 3 to 4mm hard tissue bar- 
rier directly after the disinfection of ‘he 
canal. For MTA setting, a wet cotton pele: 
tay be paced against the MPA and left fur 
at least 6 hours and then the canal! is filled. 
The filling can also be placed immediately 
since the tissue llu:ds of the upen apex will 
provide the moisture needed for setting. 





Fiz, 13. Revascularisation of an immature nonvital pulp 


Fall 
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The cervical canal is reinforced with com- 
posite resin below CEJ. 


immature tooth: Pulp Revascuiarization 

Regeneration of a necrotic pulp has been 
cons: dered possible only after avulsion of 
an immature permanent tooth. Thus, if the 
canal is effectively disinfected, a ma‘r:x into 
which new tissue could grow is provided, 
and the coronal access is effectively sealed, 
regeneration should occor as an avulsed 


tooth (Fig | 3). 


Regeneration of pruip tissne ina necrotic trfect- 
ed tooth with apical perindan titis; 


1, 


a 


The canalis disinfected (without instrumen- 
tation, with 4.75% NaOCl. 

Provide matrix for new tissue growth (blood 
clot tu the level of CEJ, elective coronal 
seal: MTA and bonded resin above :t. 


s 


Fri ant biotic paste for 4 weeks: Ciprotoxa- 
cin, metronidazole, minocycline). 


If after 3 months follow up shows no regen- 


eration, apexification could be attempted. 


AT ature teeth 


‘Hranmahzed mature teeth are rontine.y treated 


endadontica.ly in the same way as non trauma- 
tized teeth. 
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Root Fracture (3% or less) 


‘This injury implies fracture of cementum, dentin 


and pulp. 


The fracture might be complete / incomplete 
having single line of fracture or multiple lines 
Also the fracture line could be horizontal, verti- 
cal or diagonal (chisel). 


Diagnosis 
© Chmcal mohilty of the tonth. 


* Displacement of the coronal segment and its 
extent 18 usually indicative of the location 
of the fracture and vary from nonc (apical 
fracture),to severe (cervical fracture). 


* Presence of pain on biting and tenderness to 
palpation over the affected root. 

* Radiographic examination; it 18 important 
to take at least three angled radiographs 





(45° 90°, NOS) so that al least at ome an- 
gulation the x-ray beam will pass directly 
through the fracture line and make it obvious 


(Tig 12). 


© The use of cone beam is helpful in properly 
detecting the fracture site and extent. 


Treatment 


No mobility or displacement ... no treatment. 


Mobility or displacement ... emergency treat- 
ment involves repositioning of the segments in 
as Close proximity as possible and splinting for 
2-4 weeks with functional splint, follow up 3, 6, 
12 month and yearly for 5 years (Fig 13). 


Following initial treatment b y reduction and sta- 
bilization, repair by calce and/or Abrous depo- 
sition is very likely. 


About 80% of properly treated root fracturcs 
heal successfully. 


c me 


Fip. 13 Repositionny of thz Iracioreil sennen and splinting Mr 2-4 weeks 
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Lealing with calcified tissue (callus union). 
Healing with inter-proximal connective tissue. 


Healing with inter-proximal bone and con- 
nective tissue, 


Inter-position of granulation tissue without 
healing (Fig 16). 


Prognosis depends on: 





The degree of dislocation and mobilily of 
the coronal segment. Increased dislocation 
decreases prognosis. 


Commenica‘tion between the fracture lina 
and the giavival sulcus. 


Fracture location, whether coronal, at the 
middle or apica_, apparently matters less as 
long as it is not too close to the alveolar crest 


rT"! 








KS 


Quality of treatment; prognosis increases 
with early treatment, close reduction cf root 
segments and semi-rigid splinting. 


The stage of root development matters in 
root fractures. Tre more immature ‘he tooth, 
the better the abthty of the pulp to promote 
apical closure. 


Complications 
Pulp necrosis occurs in 25% of root fractures, 


usually in the coronal segment with tne apical 
segment remaining vital. 


Root canal obliteration 1s not uncommon If the 


root segments remain vital. 


Treatment of complications (Fig !7): 


Root canal therapy (RCT) of coronal seg- 


ment and no treatment of apical segment if 


the apical segment ts vital. 
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«e RCT for both segments, in rare cases when 
both parts are necrotic. 


© KET of bota seements followed by end- 
odontic stabi izer. However, thts treatment 
weakens the root, 


© ROT of curunal segment and sury:eal remuv- 
al of necrotic apical segment, :f the coronal 
partis long enow gh to provide adequate pert- 
odontal support. 


«© RCT of coronal segment and surgical re- 
moval of apical one wia Endoduntie Endo 
-Osseous implant. 


« The coronal segment in the previous cases 
could be treated as an immature root and 
hence apextfication and MTA barrier could 
be applted to enhance closure of the avical 
widest part, 


e Root extrusion, if the fracture ts at the coro- 
nal third of the root and the amount of the 
crown left is very mobile. 


° [extraction 
Crown/Root Fracture (Fig 18) 


Crown roct fracture invo ve enamel, dentin and 
cementum, the nulp may or may not be involved. 


The fracture line could be either shart and chisel 
type or long and extending tie full length of roo: 
up io the apex. it could be cumoblete or ueu- 
plete and act Itke cracked tooth syndrome. 





Fie. 1A. Croen ronl Practire will pulp exposure, willl 
pulp expsure 


Also tins tippe of Sractive could alse develop es- 
pecially fn posterior teeth 

¢ During obturation, due to excessive force, 

© Durtuy post placement. 

© Large-siz2d restoration 


* [netdence: 5 % higher incidence with crack 
tooth syndrome and vertical splitting (frac- 
ture) of endodontically treated teeth. 


Diagnosis: 


* Usually chise. type fracture with a single 
or multip_e fragments below the lingual 
cingiva, 


© The [raumenis may be firm or loose and 
attached unly by the periodontal ligament. 
Mobility or displacement with parn un 
manipulation. 

* Bleeding or lateral abscess opnostts fracture 
atte might be present, 


* Transtlluminatron cou_d be applied tc detect 
incomplete fracture. 


Emergency Treatment 





These fractures are first treated pertodontally to en- 
sure that a good margin for restoration is posstble. 


¢ Ifincomplete fracture .. confine it. 


* If complete tracture .. all loose frag- 
ments are removed, then evaluate re- 
matning footh structure. 


¢ Ifthe remaning apical part ts restorable 
(apical extent) ... treat a3 camplicated 
or uneomplicated crown fracture with 
crown lengthening or ortrodontie ther- 
apy (root extrusion) (Fig 19). 

s Ifirrestorable ... extract, 

Fallow up and prognosis: 

Routine follow up as complicated and uncomplt- 

cated crown fracture 
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Tooth luxation injuries 31) to 44% of dental -njuries 
Fig 20 





The most commen type of injury. 


Damage occurred to the PDL and cementum 
ranging from localised tear to gereralised dam- 
age .Apical neuro vascular supply is also affect- 
ed due co severance of blood vessels entering the 
root apex. 





Pig. 20, Subluxation, cxtrusive luxation, lateral luxation 
ntsi¥ve luxation 


Concussion: implies no displacementjcormal 
mobility wilh pain on biling and senselivily to 
percussion. 


Subluxation: Implies pain on biting and 
sensetivity to percussion, increased mobility,no 
displacement. 


Lateral luxations: Implies displacement labially, 
lingually, distally or mesially (Fig21) 


Vertical luxations; The tooth is partially out of its 
socket and mobile, include; 


Extrusive luxation; Implies displacement in a 
coronal direction 


Intrusive luxation; Implies displacement apical- 
ly into the alveolus, 
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Fie. 21. Lateral luxation with labilal displacement 


Diagnosis and emergency treatment 





The clinical descriplisus of luxation injuries 
should be sufficient to make the initial diagno- 
sis. However, pulp status must be continually 
mornitered until a definitive diagnosis can be 


made. 


Although the initial radiograph will not diclose 
the pulpal condition, it serves as a basis for com- 
parison of follow up radiograph to detect any re- 


sorption internally or extemally. 


Consequences of pulpal damage 





A- Pulp canal obliteration (Fig 22) 


Pulp canal obliteration is common after lux- 
ation and its frequency appears to be inver- 


sly proportional to pulp necrosis. 


Usually diagnosed within the first year after 
injury.More frequent in teeth with open apex 
and in teetn with extrusive and lateral luxa- 


tion or that which were rigidly splinted. 
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Fig. 22. Canal obliteration {yellow toothi-complete root 
canal calcification 


B- Pulp necrosis 


Followirg injury pulp necrosis can develop 
and lead to infection of the root canal. 
The type of injury and the stage of root 
development are Loe must important factors. 


C- Pulp space infection and reot resorption 


Microbial toxins pass througn dertmnal 
tubules and stimulate an inflammatory 
response in the PDL ard cementum with 
extemal inflammatory roct resorption as the 
consequence. 


Also coronal necrotic pulp toxins pass via 
DT stimulate pulp inilammation of apical 
pulp and simulate an intemal nflammatory 
roct resorp‘ion.(fig 23) 


Fig. 23. Inflammatory root resorption caused by a pulp 
space infection, 


Treatment 


Concussion ana subluxation: follow 


obliteration, necrosis. 


up; 


Routine follow up with thermal (Ce? snow 
and electncal tests (elderly pt) at the time 
of injury and at weeks 3,6,12 months and 
yearly. May need stabilization (2-3 weeks). 
‘Transition from -ve to+veresponse of traumatized 
pulp is a sign of healthy pulp. 


Lateral and extrusive luxation, Need immediate 


repositioning and splinting for 2-6 weeks. 


Root carnal treatment for prevention ef pulp 
space Infection: attention 7 to 10 days post injury 
al Reestablish tne vitality of the pulp. 


b) Prevent root canal infection by root canal 
treatments at 7 to 10 days. 


A creamy mix of calcu hydroxide is used as 
Intracanal dressing for l-0 months,cspccially if 
RCT is initiated later than 10 days post injury,as 
external inflammatory rool reserplion may 
develop. 


Ca(OH), kills bacteriaand neutralize er.detoxins. 


Revascularization in a young patient if indicated 
(foramen >] mm) and follow up radiographically. 


intrusive duxation (Fig 24): most destructive, Im- 
mature root may revascularize and are less likely 
lo lose vitality, while in mature totii pulp me- 
crosis develop so, the tnoth is gradually reposi- 
honed (erthedentically or with sadder. forceps 
adjustement). Then, root canat treatment should 
be initiated. 





Fig. 24. Intecsive luxation-internal and external resorption 
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Tooth Avulsion 


Ar avulsed tootn is completely out of its socket 
and known as extra-articulation. l$% maxillary 
central incisor is the mast involved tooth due 
to its location and conical root. Damage. to the 
attachment apparatus that occurred during the 
Initial injury is unavoidable bul usually mini- 
mal. Therefore, all efforts are made to minimize 
necrosis of lhe remaining periodontal ligament 
while tne tootn is out of the mouth. Pulpal se- 
quelae are not a concem initially and are dealt 
with ata later stage of treatment. 


Factors affecting treatment 





l- Extraoral time: the sooner, the better, 
2- Tooth handling: do not serub 


3- Storage medium is critical ta maintain the 
periodontal ligament in a vaiable state. Ideal 
is the socket followed by Via Span, HBS, 
milk, saline, saliva and then Water. 


Treatment 


l- Emergency treatment af the accident site: 


Alm is to prevent dryness of the periodontal 
membrane. 


* Replace the tooth in the socket, partly 
into the socket. 


« Then let the patient bite down gently on 
a piece of cloth such as a handkerchief 
to move the tooth back into ifs normal, 
or nearly normal position. 


a k 
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* Bring the patient to the dental office 
right away to complete the treatment of 
replantation. 


* orplace in an appropriate storage media. 


?- Emergency treatment at dental office 


Aim is to preserve the viability of the peri- 
odontal membrane (fig 25). 


Clinical and radiographic examination of 
the socket of the avulsed tooth. 


Debris removal with gental salns rinsing If 
a hlood clotis present, it is gently suctioned 
witn no curettage to the socket. 


Extracral dry time <60 minutes (optimum time 
{5-20 minj 


Closed apex: rinse with saline or water, replant, 
functional splint by acid etched composite. 
Open apex frevascularization might oecur):soak 
in minocyclin (lmg/20m1 saline) $ min, remove 
debris, replant. 


Extra oral dry time > 61] minutes 





Closed apex: remove periodontal ligament by 
placing in etching acid for 5 min, soak in 2% 
stannous flouride for 5 min, replant. 


Emdogain (enamel matrix protem): makes root 
more resistant to resorption, stimulate peridontal 
ligament formation. 


Open apex: Replant? If yes do as closed apex 
and endodontic treatment performed outside, 
better tnan long term Apexification.. 





Fig. 25. The socket was rinsed with saline or water,tooth replanted, and functionally splinted. 
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Clinical management of the avuised tooth 


(Adjunctive therapy ) 

Syslemic antlibivlic: al emergency visit lill splint 
removal for 7 days ,to prevent bacterial invasion 
of necrotic pulp and subsequent inflammatory 
resorption. 


Tetracycline. (decrease root resorption) affect 
motility of osteoclasts and reduce effectiveness 
of collagenase. 


Chlorhexidine rinse, analgesics and Tetanus booster, 


Apiinting 
Semirigid (pnvsiologic) fixation for | to 2 weeks 


is recommended 


3- Second Visit (1l-2weeks after emergency visit) 


Extraoral dry time < 60 minutes 


Closed apex: endodontic treatment, may use 
CaQOH or Ledermix (corticosteroid & tetracy- 
cline) move via dentinal tubules and shut down 
inflammatory response. Open apex: lock for evi- 
dence of revase ularizalion. 


Extraoral dry time > 60 minutes 


Closedapex: cndedontictreatment, mayuscCaOH 
or Ledermix paste to prevent external resorption. 
Open apex: apexification 


Temporary restoration: at least 4mm depth. 


Root filling visit: at 7-10 day or later if external 
resorption develops. 


Permanent restoration and follow ap care for 3, 
6 months, yearly for 5 year. 


Sequeiae of replantatinn (fig 20): 


* Healing with normal periodontal ligament. 


* Surface resorption; small superficial cavities 
in cementum than dentin, that heal by sec- 
ondary cementum . 


* Ankylosis; Replacement resorption; it is 
a very slow and continuous process of re- 
sorption of both cementum and dentin and 
replaced by bone,untill loss of tooth. 


If net arrested —ankylosis resorption of ce- 
mentum oceurs and is replaced by bene and 
then transientresorption will stop. 


If it oceurrs during the jaw growth pericd, the 
tooth may be in infra-veclusion. 


* Intlammatory resorptions radiographically 
appear as a bowl] shape resorptive area, 





Fie. 26, Replacement resorption -Inflammatory resorption 
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CHAPTER REVIEW QUESTIONS 





Classify traumatic dental injuries? Describe the clinical and radiographic “eatures of an uncomplicated 


Creve racclure: amil iis ireal enl capa ican. 


Mention the Factors affecting weatment planning and prognosis of a complicated crown Fracture? De- 


scribe the methods nsed -or managing this Fractare.. 


Describe the diagnostic lests and procedures used in examining rool fractures. Mention the treatment 


pplipns or Mase: Trachires, (hear healing pallens, propnnsis aml zoin pliealios . 
Classify tooth luxation injuries describing the possible short and long-term responses of pulp to them. 


Describe the emergency realment strategies foran avulsed tooth. Mention management considerations 


of replantation of this looth and ile sequelaz. 


Describe the difficullizs encountered during treatment of a traumatized immature tooth with a compli- 


cated crown froot fracture. Analyze various treatment options. 
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CRACKS AND FRACTURES 


INTRODUCTION 


aot cracks ard fractures can 5e 
two of tne most frustratir g aspects 


oF endodortic aad restorative 





dentistry. The diagaosis can be 
difficult; the symptoms can be either vague or 
speeifie, yelinsulficiert fora definitive diagnosis; 
the radiographic evaluation car be evasive. 
Prevention of a potential crack or fracture is a 
fundamental principle, and carly detection 1s 
Imperative. The clinical management mainly 


depends oz ils extent. 


Tooth fracture is commonly associated with 
impact traumae.g. A car accidert. a fall from a 
bicycle and an accidental blow to the face. These 
types of traumatic fractures mainly occur in tne 
anterior segment of the moutn. {See Chapter 
traumatic Dental fijuries) 


In contrast, the cracks and (ractures are often 
associated with UNOBSERVED TRAUMA 
which is a traumatic event that the patient 
cannot remember. The cracks and fractures 
are frequently the result of an accumulatirg, 
unobserved trauma resulting from either onal 
or excessive occlusal forces that are repelitively 
applied without the patient’s awareness. 


DIAGNOSTIC CHALLENGE 


There are three categories of cracks and 
fractures: cracked and fractured cusps, cracked 
and split teeth, and vertical root fractures. Fach 
is Often undiagnosed or misdiagnosed for a 


relatively long time. 


However, because of the wide variety of clini- 
cal presentations from cracks to fractures, the 
diagnosis 15 less straightforward. None of the 
tnree entities necessarily exnibits a radingrapnic 
mafestation in the early stages, depriving the. 
dentist of one of the most objective diagnostic 
tools. Symptams may be present for several 


months before an accurate diagnosis is made, 
wich may be (Crustraling for both the pauent 
ard the dentist causing the patient to develop a 
subsequent loss of confidence in the dentist. The 
final diagnosis is typically reached ata relatively 
late stage of these conditions, often after com- 
plications have already occurred. Complications 
may inelade a catasirophie (racture of Lue tooli 
or cusp or significant periradicular bore loss as- 
sociated with a Vertical root fracture as seen by 
radiographic examination. 


FRACTURE MECHANICS 


Crack is defined as a partial discantinuity in a 
material that may propagate and eventually lead 


lo a complete discuntinuily, Known as a fracture. 


A cracked tootn may be so called until a final 
fracture occurs that separates the tooth into two 
parts, a condition termed a split tooth. Similarly, 
microcracks may appear in the radicular dentin 
of an endodontically treated tooth, ard these 
cracks may propagate with time until a vertical 
root fracture occurs, Where the full thickness of 
the dentinal wall shows discontinuity: a through 
and-through fracture. 


CRACKED AND FRACTURED CUSPS 


Definition 


A cracked cusp: is 
characterized by a crack 
hetween a cusp and the 
rest of the tooth structure, 
to the extent of allowing 
microscopic ‘exure upon 
mastication. This crack 
typically docs not involve 
the pulp. Ilawever, with 
the 
propagale, resulting in a 
fractured cusp. (Fig 1) 


time, crack may 





p 


Fig. 1. Feaci ed cusp 


TECEPENICAI & CIUINICAIL FN PON TIS 


Diagnosis: 


Patient History: 


* The paliem willreporta sharp pain wher: 
chewing, lu the extent of nol being able 
to chew on the side or woich the crack 
occured. 


* The patient will also often state that tne. 
condition existed for a relatively long 
time and ‘hat his dentist could aot hnd 
the source. 


* The patient often has difficulties 
determining the specific location of tne 
discomfort. Because the pain has apulpal 
origin, the patient's proprioception may 
not be accurate. Occasionally, the pain 
upon chewing may radiate to nondental 
locations on the same side of the face. 


Citnica! Manifestations : 


(A; Barly Manifestation : 


Sharp pain upon chewing, although the affected 
tooth may rot be sensitive, or selectively 
sensitive to pcreussion. Phe tnoth ts vital, and its 
response to a cold stimulus may be normal; but 
with time, this response may resemble a pulpitis, 
woich may be either localized or referred to 
other odontogenic or nonodontogenic locations. 


Cracked cusps are often associated with 
extensive occlusal restorations, but also may 
be present i1 intact testh or testh with smaller 
restorations. 


(B) Late Manifestation. 


With lime, the crack propagales resulting 
in a (raclured cusp. H the [racture line vecurs 
supragirgivally, the fractured portion will simply 
separate from the tooth. However, if the fracture 
lme extends subgingivally, the periodontal 
ligaments will retair the fractared cusp. 


It is possible to move tne cusp by wedging a 
snarp explorer into the fracture linc, making 
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the fractured cusp more visible. Ofter., from 
continued mastication, acute and localized pain 
may emerge secondary to the movement of the 
fractured fragment in the coronal PDL. The 
pulpal pain that is typical at tne earlier stage 
(the cracked cusp) will resolve once a complete 
fracture occurs. 


Diagnosis A cracked cusp can be diagnosed,toa 
marge extent, based on tne patient history, 


a) To locate tne affected tooth, a biting 
test should be performed using a 
Tooth Slooth or a similar deviec. The 
paticnt will state that [nis sensation has 


reproduced the sensation of the chiet 


complaint. (}ig.2) 





Fie. 2. Bikane on a Thombs holi 


b) Magnification with loupes or an 
operating microscope can be helpful 
when loosing for a crack. 


c) Transillumination may assist in reveal- 
ing the crack line, if the tooth does not 
haye aa extensive intracoronal restora 
tion or upon the removal of the restora- 
tion. Tne light source snould be intense 
and with small dimensions; it is applied 
to ‘he tooth at the area of the suspected 
cusp fracture, after darkening the roam. 
The light penetrates the tooth structure 
up tm the crack, leaving tne part beyond 
the crack relatively dark (Fig.3) 


(19) 
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Fig 3 Transilbarcimatiori 


Treatment Planning: 


A) Cracked Cusp Treatment: consislol protecting 
the affected cusp from ovelusal forces, bol to 
prevenl pain wile enewing and lo prevent ihe 
propagation of the crack into a full fracture. A 
full-coverage crown, onlay orborded composite 
restorations are recommended. 


Endodontic treatment is indicated only if signs 
and symptoms of pulpal pathosis are observed, 
or as an elective treatment which is necessary 
for prosthetic reasons, In cases of little or x0 
remaining coronal tooth structurc, after tne 
removal of the cracked cusp and assnciated 
restoration. Occlusal reductor ot the tonth 
should be performed as soon as possible to 
remove tne tooth trom active occlusion. ‘The 
patient should be instructed to be careful when 


chewing until tne tooth is restored witha crown. 


R) Fractured Cusp Treatment: depends on Loe 
amour: of tooth structure remaining. 


If the missing part is limited in size, ther the 
conservative restoration of a bonded composite 
resin may be indicated to cover tne exposed 
dertin. 


If the missing part is large, a full crown or ar 
onlay may be necessary. In certain cases, wher 
cracked cusps are found in intact teeth or in teeth 
with no extensive restoration, 











CRACKED AND SPLIT TEETH 
Definition 


Acracked tooth exhibits a crack that incompletely 
separates the tooth crown into ‘wo parts. If the 
crack is allowed to propagate longitudinally, the 
tootn will eventually fracture into two fragments, 
resulting in a split tooth. 


Diagnosis 


In cases of a cracked tooth, the patient nistory 
may be similar to that for a cracked cusp: sharp 
pain upon mastication an prolonged failure of 
the dentist to diagnose the source of the pain. 
Often it is enallenging for the practitioner to 
determine the location of the offending tooth. 
With time, the patient reports having a sharp pain 
and expericnces great sensitivity to eold stimuli: 
then at a later stage, the patient reports that 
the pain nas subsided. These observations are 
consisteat with pulpitis or pulp necrosis, which 
may develop inthe affected tvh with dime. 


Clinical Manifestation : 


(A) Hariy Manifestation : 


Cracked teeth may have extensive restorations 
wilh a weakened crown, or they may have 
minimal or no restorations. A cracked tooth 
begins witn a crack in the clinical crown, wich 
may gradually propagate in an apical direction, 
Such cracks typically run in the mesiodistal 
direction, often splitting the crown into the 
buccal and lingual tragments. 


Vitaiityy In the early stages, tne tooth is vital 
acd painful to mastication. The pain is suarp, 
to the extent tnat the patientis unable to cnew 
on the affected side, This condition may persist 
for an exter.ded period of time. The pain may be 
localized or referred to any tooth, maxillary or 
mandibular, or the samc side af the mouth. Pulp 
testing may be normal or indicative of increased 
sensitivity to cold stimuli. 


Radiographic Findings: No radiographic 
manifestations are present at these early 
Stages, as the crack is microscopic and runs 
perpendicular to the x ray beam. 


Percussion: The affected tooth may or may not 
be sensitive to percussion at this point, 
‘B) Lute Manifestation 


The tooth 
ii¢ludes pulp involvement with evertual loss 


late. manifestation of a cracke 
of pulp vitality and apical propagation of the 
fracture, resulting in a split tootn. 


Pulp involvement occurs more ofter ir cases 
of centrally located cracss (1.e., extending from 
marginal ridge to marginal ridge througn the 
central fossa}. These centrally located cracks 
commonly affect tne roof of the pulp chamber 
ata later stage. Consequently, pulp vitality may 
be compromised and later lost due to bacterial 
penetration through the crack. 


The sharp pain upon mastication disappears 
once pulp vitality is lost. Moreover, apical 
periodortitis in an apparectly intact molar may 
be a late manifestation of an untreated case of a 
cracked toota. 


When pulp necrosis occurs, the radiographic 
manifestation nay be an apical radiolucency, 
which is indistingaishable from that of apical 
periodontitis. 


When this split occurs, the resulting parts of 
the tooth nay be movable by wedging a sharp 
explorer into the fissure. Later, more evident 
movement of the parts may be observed. The ra- 
diograpyic presentation at such a late stage may 
eventually develop into a diffuse radiolacency 
surrounding the root. At this late stage, creation 
ol narrow isolated deep periodonial pockets lv- 
caled mesially or distally occurs and, if adpcent 
leelh are preseml, they will be difficulllo detect. 


Cracked and split teeth may present with a 
variable sigs and symptoms that are potentially 





confusing. Only by being aware of the process 
from early to late manifestations can clinicians 
interpret these signs and symptoms. 


A definitive combination of Factors, sigs, 
and synptoms that, wher collectively 
observed, allows the clinician te conclude the 
existence ofa specife atséase state ts termed 
a syndrome, However, given the inultitude of 
stens ana syaipioms that cracked roots can 
present with, ti ts often difficult to acheve 
a objective definitive diagnosis. for this 
reason, the terminology of cracked tooth 
spadrone shouta be aveided. 


DIAGNOSIS 


Barly detection is imperative to resolve the 
patients symplomms as well as increasing the 
DIOUTUSIS, 


Diagnostic adjuncts: 


o The use of the Tooth Slooth device may rot 
provide a clear result, ifthe tooth parts are 
rather stable, 


o Asking the patient to chew on a cotton roll 
may reproduce the pair, but tnais method 
may not indicate the source of the pain 
(maxillary or mandibular). Anesthetizing 
the suspected tooth, followed by asking 
the patient to chew again osn [ne cotton 
roll, may further corfirm the diagnosis 
and finally differentiate the origin as a 
mandibular or maxillary tooth. 


ò> Magrification using cithcr loupes or an 
operating microscope can be helptul tor 
detecting a fracture line. 


a Dyes,such as metovlene blue or tircture of 
iodine, applied either to the outer strace of 
the crown or to the dentin after the removal 
of an existing intracoronal restoration, can 
be helpful for visualizing the cracs. 


a i. a 
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G Transtllumination car also be applied to 
the suspected tooth (effective in giving 
a straightforward diagnosis, if the tooth 
Nas 10 restoratios |, 


c At a later stage(Split tooth), wedging 
uf a sharp explorer into the [racture line 
will provide a clear diagnosis. 


Generally speaking, the diagnosis of a crack 
in a tooth can be difficult especially when 
there are signs and symptoms of a pulpitis 
or necrosis, it is difficult for the clinician to 
determine the snurec that initiated tie signs 
and symptoms. So, it has to be considered 
that in the case of a problematic tooth 
wilh no apparent reason [or the pulpitis or 
necrosis, like a tooth with mimuimnal or 20 
caries, restoration, or trauma, a crack or 
fracture must be considered. However, the 
patient should be advised of a potential 
decrease in the endodontic or restorative 
PrOznonsis. 


Etiology 


Masticatory Forces are the cause of cracked 
teeth e.g chewing an coarse food, chewing 
ice, unexpected chewing of a hard object (e.z., 
a cherry pil), bruxism or clenching of the teeth 
and occlusal prematurities. 


Certa teeth arc more prone to developing 
cracks, such as mandibular second molars and 
maxillary premolars. 


Treatment Planning 


Cracked footit 


Once diagnosed, the patient should be informed 
thal the prognosis is reduced or questionable 
and that long-term follow-up will be required. 
The principal goal of treatment is to protect 
the tooth from crack propagation and improve 
the comfort while chewing. Both goals can 
be achieved by placing an orthodontic band 
around the tooth or placirg a provisional crown, 
allowing the clinician to evaluate the extent 
of pulp involvement by checking whether the 


pulpal symptoms subside in response to the 


intervention. However, endodontic treatment 
followed by placement of a permaneat crown 


usually resolve the symptoms. 


S pit Tontit 


When the tooth is split either throuch its whole 
length or diagonally (Fig. 4), extraction 15 


typically the orly treatment option. 


However, if the fracture line is such that the split 
results in large and small segments, and if the 
removal of the small fragment preserves enough 
tooth structure that is restorable, then retention 


and restoration of the tooth may be considered. 





Fiz. 4. THagonally split tooth. A maxillary right second 
premolar presented with a mesiodistal coronal 
fracture. A&B: CBCT axial views revealing a 
mesiodishal fracture at two difterent levels, with 
associated mesial and distal bons loaa, C&D: the 
ttuce-dimensional reconstrection clearly reveals 
the nature and = direchion of the fracture and 
dei ned the tooll as unreslorable 


VERTICAL ROOT FRACTURE (VRF) 


VRF is a longitudinally oriented complete or 
incomplete fracture initiated in the root at any 
evel and is usually directed buccolingually. 
Thus, these types of fractures de net arise from 
the propagation of a fracture that originated in 
the crown. The definition separates a VRF from 
a split tooth (which begins with a crack of the 
crown (nat propagates apically into the root as a 
longitudinal fracture), 


Diagnosis 


Patient History 


In the case of a YRI, a patient may complain 
of pain or sensitivity related to a certain tooth. 
Sensitivity and discomfort while chewing 
are also common complaints. Swelling may 
occasionally occur in the area, There is often a 
long nistory of failing to diagnose the cause of 
the pain and discomfort. A history of repeated 
clinical and radiographic examinations that 
revealed 10 cause for the pain is also common. 
Often endodontie treatment, retreatment or 
surgical retreatment may nave been attempted 
to reveal the accurate diagnosis. Unfortunately, 
such ineffective treatrment attempts may only 
worsen the destist-patient relationship. 


Chaical Manifestations 


Susceptible Teeth aad VRP Location: 


Vertical root fractures are commonly associated 
with endodontically treated teeth with or without 
a post. Nevertheless, VRFs can also occur in 
teeth with no previous root cagal treatment. 


The most susceptible tooth groups are: the 
maxillary and mandibular premolars, tne mesial 
roots of the mandibular molars, the mesicbuccal 
roots ofthe maxillary molars, and the mandibular 
incisors. Vertical roct fractures may progress in 
the buccolingual direction in these teeth and 
roots, which are typically narrow mesiodistally 
and wide buecoling ually. However, VRPs may 


also propagate diagonally, thus affecting the 
mesial or distal aspect of the root. 


YRF may be initiated at any root level. They 
may be mitiated at the apical part of the root ard 
propagate corenally. However, certain VREs 
originate at the coronal, cervical part of the root 
and extend apically and in dher cases, a VRF 
may be initiated as a midroot fracture (Fig.3). 


It is commonly believed that VEPs begin 
as microcracks at the root canal sarface of 
the radicular dentin and gradually propagate 
outward until the full thickness of the radicular 
dentin is fractured, 





Fig.. ‘Three typer of YHES. A: A coronally located VEE, 
B: A mid-root VEE. C: An apically located VRE 


Karly Manifestation 


There may be dull pain or discomfort on the 
affected side of lne (oot. Particularly, Lue tooth 
may feel uncomfortable upon chewing. As the 
fracture and subsequent infection progresses, 
swelling often occurs, and a sinus tract may be 
present at a more coronal position than a sinus 
tract associated with a case of chronic apical 
abscess (Fig. 6). These signs and symptoms are 
frequently similar to those encountered from 
tonhealing root canal treatment. 


A deep, narrow and isolated periodontal pocket 
may be associated with the root, which often 
cannot be explained (due to inconsistency with 
the surrounding periodontal examination). This 
ype of periodontal defect occurs secondary to 
the bony dehiscence caused by the verlical rool 
fracture, 


299 


300 


CAACKS AND FAACTURES 





Fig. 6. A sinu: Opening opposite to YRF 


Radiographic findings are urlikely because 
(1) the root canal filling mostly obstracts the 
Jetection of the [racture (Fig. 7), and (2) the 
bone destruction (still has limited mesiodistal 
dimensions) may be obstructed by the 
superimposed root structure (Fig. 8). 


Late Manifestation 


A longstanding vertical root fracture is easier 
to deleet. The major destruction of the alveolar 
bone adjacent to the root has already occurred, 
allowing the YRE to be more likely revealed in 
a periapical radiograpn. One of the most typical 
siges is the J-shaped or halo radiolucency, which 
is a combination of periapical and periradicular 
raciolucency (1¢., bone loss apically and along 
the side of the root, extending cororally) (Fig. 9). 


In addition the pocket along the fracture becomes 
wider and easier to detect. [r longstanding cases 
nr which the bone destruction is extensive, the 
segments of the root may also separate, resulting 
ir. a radiograph that clearly rcvcals an objective 
root fracture. 


Importance of Early Diagnosis 


Accurale diaguosis is crucial in VRE cases, 
allowing the extraction of the tooth or root 
betorc extensive damage to the alvcolar bone can 
occur. Early diagnosis is particularly important 
when implants are a potential part of the futare 
Testoralive procedure, when an extraction 1s 
performed at an early stage, the uncomplicated 
placement of an implant is likely. 





Fie. 7. Rad.ographic examination of filled versus empty 





Fig. 3. 


canals Al The buccolinyual projection of a filled 
root will fail to detect a YRF at an early stage. 
B, The removal of the root filling and use of 
radiozraphy at diferent mzsiodistal angulations 
may reveal the VRE 


Carly versus late radiographic presentation of a 
YR P Passocialed bone defect. At an early stage, a 
bone deřezt pred) is not likely to be detected in 
a periapical radiograph, as the root will overlap 
with the defect (A,B). At later stages, when major 
damage has occured to the cortical plate (C), 
the bone deed may be rge crouel to exten 
beyond the silhouette of the root (C,D) and appear 
ar a radiolucent defect along the root (EJ. 
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Misdiagnosis of VREs 


Many of the clinical symptoms associated with 
VRFs mimic apical periodontitis or periodontal 
disease together with the narmow and tight 
pocket associated with the early stages of VRF 
which are difficult to detect using rigid probes 
make. it difficult to early diagnose resulting ir a 
delay in the accurate diagnosis or a misdiagnosis 
of a VRF (Table 1). 





YRE Pockets 


Fig 9, Halo radiolucency alone root The pockets that are typical of the early stages 
of VRFs differ from the deep pockets associated 
with advaaced periodontal disease. 

fhe American Association of Endodontists 


a... Rigid metal erinodoantal robcs may he 
stated t 2005 that a sinus tract and a 5 P p $ 


i , ; ineffective in probing VRF pockets in the early 
narrow, isolated periodontal probing slaves ol a VRE. A flexible probe should be used 


defect associmted with a tooth that has instead (Such as a probe available from Premier 
undergone a rool canal ireaiment, with or Dental Products (Plymouth httpMeeting, 
without post placeimeni, can be considered Pennsylvania}) (Fig. 11). The insertion of a 
pathognvmontc for ihe presence of a VRE. probe requires the detection of the coronal 





opening and light pressure. 
Table (1) 
Ehe deep perigdontal pockets ¥RE pocket (Early slage of YRF) 






Develop as a result of the bacterial btofilm| Develop due to bacterial penetration into the fracture, wigper- 
that initially accumulates at the cervical ar- | ing a destructive host responce thal occurs in the periodontal 
eas of the tooth and the destructive host rz-| ligament along the entire length of the fracture The bacteria 
sponse to these bacteria. may leak from an infected root canal; however, when the YRF 
extends to the cervically exposed root, the microbes in the 
fracture may also originate From the oral cavity. 











Clinically | Wider coronally and relatively loose. Deep, namow and Gzht packet (see Fig.l), 
The deeper part of a pocket is present at the | Where, the periodontal ligament :: destroved along the longi- 
mesial or distal aspects of the tooth. tudinal opening of the fracture, with a limited resorption te the 


The pocket structure allows the easy inser- | adjacent bone. This permits the penetralion of a periodontal 
tion of rigid periodonial prokes (Tig. 19). probe, 
The pocket is often located al the buccal or lingual convexity | 
oF the tooth, | 


Alfecds groups of teeth Tsolaterl pocket acljacent bo the: a Mecel tooll 








Fiz, 1d. VRP pocket. A, Periodontal pockets (left) are 
wide coronally, whereas VRF pockets (right) ara 
narrow and decp. E, Pariodonial pockas (lert: arc 
loose and a.low probine at various sites, whereas 
YRF pockels frie) are narrow aml iy hl. 
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Fig. 1] 


Rigid versus flexible probes A, In a loose periodontal pocket, a rigid metal probe can easily reach the depth 


of the pocket B, Ina uzh, early-stage VRF pocket arigid probe may be of limited value, as the bulge of the 
crown often prevents the insertion of the proke into the tight, deep pocket. C, å flexible probe tD) is more likely 


todetect YRF pockets at an carly stage. 


Coronally Located Sinus Tract 


sinus tracts that originate from a chronic apical 
abscess are typically detected at ihe site of least 
bone resistance, agaist ‘he apical part of the 
root or in the area of the juaction of the attached 
gingiva ard toe oral mucosa. 


While, sinus tracts that are associated with a 
VRP pocket are often found m a more coronal 
position, as the source is not from a periapical 
lesion 


Radiographic Features 
Kadiotucency in fhe Bone Along Raat 


In ihe eariy siuges of VRP: 


The bone resorption is limited inthe buecolingual 
pare and ary associated radiolucency may be 
obscured by the superimposition of the roat. 
(Fiz 8). Also, immediate radiographic detection 
is difficul: due to the time required for bone 
resurplion te oecur or Cor the fractured segments 
lu separate and be radiovrapuically visible. 


ihe intermedrate stage of VRF: 


Radiographs must be taken at different 
horizontal angulations to detect the bone 
resorption (Fig.12). This radiographic feature 
should be differentiated from a split tooth (where 


the fracture plane is typically mesiodistal, with 
the bone resorption occurring on the mesial 
or distal aspects of the root). A radiographic 
appearance of a thin radiolucent line extending 
longitudinally down the root determines a 
definitive diagnosis of WRF. However, it is 
difficult to detect and are commonly not seen in 
routine periapical radiographs. Therefore, once 
a fracture is suspected, two or three periapical 
radiograpis should be exposed from different 
norizontal angulations. 





Fig. 12. 2adiopraphs from differant horizontal angulations 


The late stage of VRF: 


The J-shaped or halo appearance, a combination 
of periapical ard periradicular radiolucencies, 
was associated with a high probability of a 


TECRKYIC AL A CLIMIC AL EN OGOROWT CS 


VRE. An angular resorption of the crestal bone. 
along the root on one or both sides, witnout the 
invalyement of the periapical area, mimicking a 
“periodontal radiolucency” ( Fig.9), was found 
in 14% of tne cases. 


Cone-Beam Computed Tomography in YRF 
Diagnosis 

Modem cone beam computed tomography 
(CRT provides the privilege of studying the 
suspected tootn and associated bone in an axial 
plane, Axial views provide detailed information 
af the cross sectional appearance of the tooth and 
its surrounding bone suggesting the detection 
af early-stage YRI. Yet, such detection greatly 
depends on the resolution of the machine. (1.6. 
the voxel size). Given that the smallest voxel 
size currently available for a CBCT device is 
about 0.075 mm, thus, CBCT imaging would 
not be able to visualize a root fracture unless 
the fracture width was greater toan 0.15 min. 
It should also be noted that the intracanal 
presence of gutta-percha or a metal post often 
causes artifacts that make it extremely difficult 
to differentiate a VRE‘ from such artificial lines. 


Exploratory Surgery 


When clinical and radiographic evaluations are 
equivocal in detecting a suspected vertical root 
fracture, exploratory surgery may be indicated. 
Where, a full-thickness Hap is raised and the 
granulation tissue is removed, a YRF is often 
visualized ( Fig 8). The bone resorption pattern 
associated with a VRF is mostly seen as a bony 
denisecnce, with the greater bone destruction 
present on the buccal cortical plate located 
over the offending root. In a small percentage 
af the cases, fenestration can also be seen, 
Furthermore, it has been shown that the longer 
a VRE-related infection persists, the greater the 


resulting periradicular bone destruction. 
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Vertical root fractures may arise from different 
factors which are either natural or iatrogenic. 
The etiology of VRFs is multifactorial, due to 
accumulation of predisposing factors ie the 
repeated functional or parafunctional occlusal 
loads eventually leading to development of a 
VRF (over months or years). 


Iatrogenic Factors include: tne excessive forces 
during root canal instrumentation, excessive 
tooth structure removal, or excessive obturation 
pressure. 


Natural Predisposing Factors 


A) Shape of Root Cross Section 


One of the common anatomic features shared 
by teeth that typically develop VRFs is an oval 
cross section of the root, with buccolingual 
diameter being larger than the mesiodista! 
diameter. These teetn include the maxillary and 
mandibular premolars, the mesial roots of the 
mandibular molars, and the mandibular incisors, 
The fracture in these teeth typically starts in the 
buccolingual plane. specifically at the highest 
convexity of tne oval root. This conclusion 
derived from large case series, is also supported 
by finite element analysis. Such analysis clearly 
demonstrated strain concentration on the inner 
side of the remaining dentin wall at the highest 
convexity point (i.e., the buccal and lingual 
sides of the oval roots). 


B) Occlusal Peciors 


Excessiveocelusalloads specifically in thecaseof 
mandibular second molars or load concentration 
as In cases of occlusal prematurities in maxillary 
premolars may, over time, lead to VRFs. 


C, Preexistine Micrecracks 


Preexisting microcracks may bs present in the 
radicular dentin, resulting from repeated forces 
of mastication or occlusal parafunction. 
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latrogenic Predisposing Factors 


A, Rout Canal freatmeni 


The most common dental procedure contributir g 
to YRF is endodontic treaiment. VREFs usually 
do not occur during the obturation of the root 
canal, but rather after the procedure has been 
completed. 


decta were onec thought to he more susceptible 
to fracturing after endodortic treatment because 
of adecrease in hydration. However, later studies 
found no difference in the properties of dentin, 
ds a material, afer endodontic procedures. 
Althougn the prvysical characteristics of the 
dentin, as a matcrial, may not be compromised 
by endodontic treatmen', the radicular dentin, 
as a structure, may he compromised by the 
combined effect of ‘he endodontic treatment ard 
the restoration of endodontically treated teeth. 
This may be the reason for the of‘ten-reported 
association of WRF with endedentically treated 
teeth. 


5) Excesstve Root Canal Preperatian 


To reduce the risk of VREs, less invasive 
methods may be considered, such as minimally 
invasive endodontie instrumectation, 


C) Mierociecks Cansed by Rotary Lastrmnentatiou 


Shemesh and colleagues observed that root canal 
preparation using nickel-titanium rotary ard 
reciprucating files often result in microcracks in 
the remaining radicular dentin. The researchers 
reported that retary files induce strain on the 
dentin, as measured in the surface layers of the 
root dentin, which likely execeds the elasticity 
of the dentin, causing subsequent microcracks. 
Whereas both hand instrumentation wiih files 
and the self-adjusting file did not cause such 
cracks, 





D) Uneven Thickness of Remaining Dentin 


Occurs dHe to: 
l. The instramen‘ation of root canals particu- 


larly when curved canals are straightened. 


2, Upon excessive instrumentation in ‘he 


danger zone. 


(N.B: The anatomic groove that is often 
found on the palatal side of the buccal root 
of maxillary bifurcated premolars is another 
example of such a hidden danger zone). 


3, Lingual access, (cormmonly usediniucisors) 
may also result in a thinner buccal wall in 
the apical area as compared with the lingual 
wall. 


The use of flexible nickel-titanium files and 


Minimally invasive instrumentation with 
Instruments such as the self-adjusting hle may 


reduce such risks. 


E) Methods of Obiuration 


Certa obturation tecaniques, such as lateral 
compaction, involve the application of internal 
pressure with a spreader, which may cause strains 
and subscquert propagation of microcracks into 


fractures across the full dentin thickness. 


Other obturation methods which create less 
pressurc, as fthermoplasticized eutta-percha, 
may reduce the risk of VRFs. 


F) Type of Spreader Used 


Toe use of rigid and thick s‘airless-steel hand 
spreader may lead to increased strain in the 
radicular dentin resulting in an increased 
incidence of root fracture. ‘The use of Hexible 
finger spreaders, which have smaller diameter, 
nay greaily reduce such risks. The nickel- 
titanium spreaders allow reduction in the strain. 
inducedin the radiculardentin durir g eb‘uration., 


G) Past Design 

Post selection, design, and sealing have a 
significant effect on the strain distribution in 
the root. Excessively long or thick posts are 
considered a predisposing factor for WRFs. 
The use of posts carries an inherent risk of root 
fracture, particularly if excessive sound dentin 
is removed during preparation. Posts should 
mly be used when essential for core retention 
acd snould be avoided whenever a suffictecit 
coronal tooth structure is available forthe secure. 
retention of (ue crown. 


H) Crown Design 


C 





When considering endodontically treated teeth, 
crowns With a ferrule margin. (i.e., supported by 
a sound toota structure all around and beyond 
the gingival margins of the core) provide better 
strain distribution than those supported by the 
post and core alone. 


TREATMENT PLANNING 


Prevention is the key of management vertical 
root fractures. There are many predisposing 
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factors of tnese fractures, all of which should 
be minimized as much as clinically possible. 
Comprehensive clinical, radiographic, and 
periodontal examination are imperative when 
evaluatingany tooth tnat is plannedf orendodontic 
treatment or retreatment. A flexible periodontal 
probe is mandatory in such examinations. When 
a YRF is determined to be present, extraction 
of the affected tonth ar root is recommended as 
soon as possible. Any delay may increase the 
potential for additional periradicular bone loss 
and possibly compromise the placement of an 
endosseous implant. Therefore, the measures 
that may allow the dentist to make the diagnosis 


at carly stages are important. 
SUMMARY 


Developing accurate and early diagnosis, 
prognosis, assessment and treatmert plan for 
teeth wilh suspected cracks and fractures is 
essential, In addition, endodontic and restorative 
procedures should focus an minimizing any 
vitending and predisposing factors thal may 
perpetuate cracks and fractures. 
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li; How to differentiate between deep periodontal pocket and YRE pocket? 


3 Alale dhe eiiolowical facio s p eilisposniy to YRF. 





© Cohen's pathways ofthe pulp, Rleventh edihon, 2016 


© Lustig IP, Tamse A, Fuss 7. Partem of bone resorption in vertically fractured endodonticaliy treated 
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eudodoulically u saled leeth by a coue beam computed Loroopiaphy seau J Eudod 2009;35 719-722. 


e Da Silveua PF, Vieeoiio MB, Liedke GS. Detectiou of vertical toni racines by couveutional 
radiographie examination aod cone beam computed tomography; an in vitro analysis. DentTraumatol 
201351: 41-45. 


® Parel 5, Brady E, Wilson R. The detection of vertical root fractures in root-filled reerh with periapical 
radiographs and CECT scans. Int Endod J 2013;46: 1140-2152. 


* Takeshita WM, Lwaki LV, Da Silva MC, Sabio §, Albino FF. Cormparizono of periapical radiography 
with cone bear computed tomography inthe diagnosis of vertical root fractures in teeth with metallic 
post. J Consery Dent 20143] 7:225 224, 


a Weves FS, Freitas DO, Campos PS. Evaluation of cone- beam computed tomography in the diagnosis 
of vertical root fractures; the influence cf imaging modes and root canal materials. J LCnded 
2014:40:1 740-1537. 


* European Society of Codedontology. European Society of Endodontology position statement the use 
o CRET m encloclonties. at Filol 2014347, 402-404, 
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TECHNICAL & CLINICAL ENDODONTICS 





Vy MiP A. |. meter 
Mohamed Adel. Aim Master degree student should be able to: 


a Modify treatment plan according to various medical and 
dertal find ngs for enclodantic surgery. 

a Analvze tre mae oy step grecedurss involved ir 
paiapica (encockonlicd SINR, 


= Evaluate the outcone of endodontic surgery. 


Ph.D student should be able to: 

4. Point ot frequency ard distribution of raciolucent fw lesions. 

5. Relate surgical Wealmeant plan accorcling la diagnosis which 
s hased on clinical ard racingranhic find ngs. 

6. Realize the medical and dental situations in waich endodontie 

surgery is contraindicated. 

Correlate prevalence of perapical raciolucency to case 

selection far apical surgery. 

the student should be able to AR. Propose tie treatment plan in mandibular and maxillary 

teeth according to anatomic considerations. 


U, Comment on conolex surgical cases and their proper 
treatment olan. 


“| 


After reading this chapter, 





10. Describe the design ol mucuperiustzal [laps according te tre 
different surgical procedures. 
11. Cvaluate the healing of soft ana hard tissue wound. 


Deiinition 
Historical review 
Indications 
Contraindications 
Classification of surgical procedures 
Incision and drainage 
Cortical trephination 
Treatment planning for periradicular surgery 
Concepts of periradicular surgical procedures 
Anssthes a and hemostasis 
Soft lissues maragement and flap design 
Harz Hesues Manapemant anri Curellage 
iont end reseckan Rool end preparation 
Roaterd lil ing materials 
Soft tissue management, suturing and postoperative ca'e 
Corrective surgery 
Perforation repair Root amputation 
damisaction Bice spidization 
Periodonta regererative procecures 
Intentional replantation 
Implant surgery 
ussevintsprated implants 
“rdodoniic enrdossenus implards 
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ENDODONTIC SURGERY 








Definition: 


Endodontic surgery involves all surgical 
procedures performed to remove causative 
agents of periradicular pathosis and [o re- 
store the periodontium to a state of biologic 
and functional health. 


Historical review: 


The first recorded surgical procedures was 
incision and drainage of acute periapical ab- 
scess, performed over 1500 years ago. 


To be proud that one of the earliest pioneers 
in that field is Abulcasis (AbulKasim Al- 
“ahrawi, 936-1013) Fig. (L) to whom the 
first intentional re-plantation was recorded. 





Fig. 1. Abuleasis(AbulKasimAl-Zahrawi, 936-1013) 


However some data back to ancicnt pha- 
raohs pointing that surgical trephination in 
(he mandible can be traced Fig. (2). 


Pew years azo endodontic surgery procedures 
were considered as last resort procedures. 


Recently, marked advances in technology 
as well as instruments and materials had 
widened the scope of surgical endodonieg 
to increase the clinician capahilitics and to 
increase and improve the prognosis of many 
cases once thought to be hopeless. 





Pig, 2. Cortical trephination performed tn mandible From 


Fharaonic era 


Indications: 
Haology: 


* Presence of bacteria and other microbial 


Imilants. 


Enterococcus Faccalis is the most commonly 
isolated bacteria from failed roct canal 
treated teeth. 


Ping! and viruses can be considered as 
possible cause of failure. 


If bacteria and all oher microbial irritants 
remain completely entombed within the 
confines of the root canal system, healing 
should cecur; failure takes place when the 
irritants find a way to the periapical tissves. 


Established extravascular colonies could be 
considered as reason of failure. If microor- 
anisms arange in an extravascular biofilm 
which could be resistant to host defense 
mechanism and anti microDial agents, 


Qver-extended Allme matenal containing 
toxic materials such as formaldenyde. 


Presence of periradicular cholesterol may 
interfere with healing after non-surgical 
treatment. 


Presence of vertical root fracture the use of 
CBCT is of great help to aid in diagnosing 
such conditions. 


* Systemic condition of patient as it 
might lead to delayed healing in patients 
especially with uncontrolled diabeles and 
lumunosuppressive drugs. 


Previously, periradicular surgery was 
considered tne treatment of choice when non 
survival Lreaument failed or if not feasible 
sue) as in case of valuable prosthetic 
restoration. 


In the middle of last century Grossman (one 
of the famous endJedenuc pioneers) listed 
some of indications for endodontic surgery 
among which was teeth with large periapi- 
cal radiolucency or over filled root canals, or 
teeth with open apicies or over instrumer- 
lation. However most of these indications 
are no longer valid, recerily, (he ermphasis 
on retreatment of Failures lovelner with the 
advances in technology (microscope) and 
Improvements in instruments and materials 
have led to increase success rate of retreat 
ment cases. 


Althougn moast recently some text books 
have listed tne indications to be as follow 
Fig, (3): 


l. Failure of mon surgical retreatment. 


2. Failure of non surgical treatment 
and retreatment is not practical. 


3. Need for biopsy. 
However, the indications will be grouped as 
follow: 
1. Need for surgical drainage: 
a. Soft tissue (1&D). 
b. Hard Ussue (lrepkiimatiar). 
2. Failed non surgical trea‘ment: 


a. Rendered twice. 
b. Itretrievable root canal filling? 
posl. 
4. Ualeific metamorphosis 
spaces (solid tooth). 


of pulp 


d. Procedural errors and non surgical 
retreatment or correction failed: 


a. 
b. 


rm 


hr a 


d. 
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[nstruments separa‘ion. 
Ledging. 

Root perforation. 
Symptomatic overfilling. 


3. Anatomic variations: 


a. 
bh. 


Root dilacerations. 
Apical root fenes‘ration . 


6. Need for biopsy. 


7. Corrective surgery: 


A. 
b. 
d, 
gi 
N E 
a 
a, 
b. 
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Ront resorptian. 

Root carics. 

Root resection (amputation). 
Hemi section. 

Bisection (bicuspidization). 


itentional replantation. 


Implant surgery: 


Endodontic implant. 
Osseointegrated implant. 


Radiopraphs showing some of the conditions Teco aioe aD Re aN G IESG RE HBS GRAITSHE LH 


recue surgical intervention 
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ENDODONTIC SURGERY 


Contraindications: 

B ow absolute contrairndications ta endoadon- 
lic surgery © xis. 

» Most contraindications are relative and usu- 
ally limited to: 


L. Anatomic considerations: 


The major anatomical Jandmark of importance 
to endodontic surgery include; Nasal flocr, 
maxillary sinas, mandibular canal and it’s neu- 
rovascular bundle and mertal foramen. 


2, Patient medical condition: 
It is imperative that thorough medical 
history should be taken since some 


medical conditions nught necessitate either 
preoperative, operative, ar post operative 
managements, according to each condition. 


3. Dentist skill and experience: 


li goes without saying thal any dental treal- 
ment rendered must be in the patient's best 
interest and at the highest quality of care. 


Classification of surgical procedures: 
L. Surgical drainage: 
a. Incision and drainage through sofi tissue 
(T&D), 


b. Cortical trephiration through hard tissue. 


Pad 


Periradicular surgery: 
a. Cunrretage. 
b. Root end resection (apicoeeiom y). 


c Root end preparation and filling 


(retrograde). 
3, Corrective Surgery: 
a. Perforation repair (mechanical resorption). 
b. Periodontal management 
i.  KRootrescction (amputation). 


HW. Tooth resection (hemisection/bicus- 
pidization). 


4. Replacement surgery (intentional replantation). 


5. Implant surgery. 


a. Endodontic implant. 
b. Osseointegrated implant. 


Anatomic considerations: 
l. Interior alveolar canal and mental foramer. 
2. Maxillary sinus 


Nasopalatine neurovascular bundle 


Led 


Cone beam computed tomography CBCT 
Radiographic examination is an essential com- 
ponent in all aspects of endodontic treatment. 
The CBCT solves and helps to a great extent in 
diagnosis and treatment planning for periradicu 
lar surgery since it provides the third dimension 
which was overlooked through the regular 2D 
radiographs. 
The main advantages of CBCT: 

e Three dimensiors 

a Increased accuracy 

* Higher resolution 

e Significant reduction of the scan time 

+ Less radiation dose 


e Reduced cost 


* Highly sophisticated software which allows re- 
construction of the collected huge volume of 
data, 


*" Hign accuracy of measurements in all 
dimensions 


* Ability to vicw thin sagittal, coronal and axial 
slices eliminates the problem of supenmposi- 
tior. 


" Early detection of any change in apical bone 
density 

* Useful tool for differentiation of apical cyst 
Or granuloma 

* Plays ar important role in microsurgery 

e dd visualization of root morphology 


® Detection of location and extent of invasive 
external root resorption 
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Incision and Drainage (E & D) 


Pluctuant solt-lissue swelling occurs wher 
per:radicular nflanimatory exudate exits through 
the medullary bore and the cortical plate. 


When this occurs, an Incision should be made 
througy the Focal pont of tue localized swelling 
to relieve pressure, eliminate exudate and toxins, 
and stimulate healing. If the swelling 38 intraoral 
and localized, the infection may be managed by 
surgical drainage alone. However, ifthe swelling 
is diffuse or has spread into extra oral muscles 
of fascial Ussues or spaces, surgical drainage 
should be supplemented wrtn appropriate sys- 
temic antibiotic therapy Fig. (4). 





Fip. 4, Pholographs showing cases with diffuse fazial 
swellings, 


The correct timing for l&D is importart. Cau- 
tion should always be exercised with hard, dift- 
Fusce and indurated swellings. Especially when 
accompanied by a fever. Such an infection can 
extend into fascial planes and anatomic spaces 
and become life Lhrealeming. 


Local anesthesia; whenever possible, nerve 
bleck injection is the preferable methed for cb 
taining local anesthesia. In some cases, block 
injections must be supplemented with local infil- 
(raven lo obtain adequale local anesthesia. 


TECH VICAL & C_IMICAL END DOR“ICS 


When local infiltration is used, the oral 
mucosa 11 the area to be Injected should be dried 
with 2x2 gauze anda topical anesthetic is placed. 
Local anesthetic should be deposited peripheral 
to the swollen mucopericsteal tissues. Injection 
directly into the swollen tissues should be 
avoided because it is painful, may cause spread 
of infection, and does rot produce effective 
anesthesia. 


The use of nitrous oxide analgesia may be 
useful in reducing patient anxiety and lowering 
the pain threshold. 


Tae incision. should be horizontal and placed 
at the dependent base of the fluctuant area. This 
will allow the greatest release (How) of exudate. 
The incision should be made using a pomted 
scalpel blade such as a No. 11 or No. 12. 


Probing with a curelle or hemostal inte the 
incisional wound te release cxudate cntrapped in 
issue compartments, 


Placement of a drain; The use of drairs 
following an kel) procedure is controversial. It 
initial dramage is limited, placement of a drain 
may be indicated. The drain may be made of 
citheriodoterm gauzc or rubber dam matertal cut 
In an “H” or “Christmas tree” shape. It may be 
sutured in place for added retention and should 
be removed after 2 to 3 days. 


Cortical trephination 


This i a dimited-use procedure. Palients who 
presented with moderate to severe pain but with 
ro intraoral or extraoral swelling may require 
drainage of periradicular cxudate to alleviate the 
acute symptoms. 


The treatment of cnoice for those patients is 
drainage through the root canal system (apical 
trephination) Fig. (5). 


Apical trephinatior involves penetration 
of the apical foramen with a small endodontic 
file and cnlarging the apical opening to a size 
No. 20 or No. 25 file to allow drainage from 
the periradicular lesion into the canal space. 


The decision about woetner to perform apical 
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ENDODORTIC SURCERY 


or cortical trephination is based primarily on 


clinical judgement regarding the urgency of 


obtaining drainage. 


Fig. 4. Apical trephination 


Cortical trephinatioa mvyolves making an 


incision through mucoperinsteal tissues of 
raisir g a Hap and pertorating through the cortical 


plate with a rotary instrument. 


The objective is to create a pathway through 
the cancellous bore tothe viemuty of the involved 
periradicular tissues. 


The site most often recommended is at or 
near the root apex. Using either a Na. 6 or No. & 
round bur in a high-speed handpiece to penetrate 
the cortical plate. A reamer or K-type file is ther. 
passed through the cancellous bone into the 
vicinity of the periradicular tissues. 


Treatment planning for periradicular 
surgery 
* The indications for and the application of peri- 


radicular endedontic surgery has undergone 
dramatic changes in the last two decades. 


*» The most important principle of endodontic 
diagnosis and treatment planning is that the 


primary modality for endodontic treatment 
failure should be non surgical endodantic 
retreatment wherever possible. 


e The practitioner and staff be thoroughly 
(rained, all necessary inslrumenls, 
equipment, aid supplies must be readily 
available in the treatment room. 


* Good patient communication is essential for 
thorough surgical preparation, it is important 
that the patient waderstands the reason 
surgery is needed as well as other treatment 
options available. The patient must be 
informed of the prognosis, risks, benefits and 
the short term effects of the surgery sach as 
pain, swelling, discoloration, and infection. 
Sigacd consent forms arc essential. 


* A presurgical mouth rinse will improve 
the surgical environment by decreasing the 
lissue surface baclerial contamination and 
thereby reducing the inoculation. 


« (hlornexidine gluconate has becn snown 
to decrease salivary bacterial counts by 
80% to 90% with a returr to normal within 
48 hours. 


* Oral rinses should be started tue day prior 
to surgery, immediately before surgery and 
continued for 4 to 3 days following surgery. 


Concepts of periradicular surgical procedures 


L. Necd for profound local anesthesia and 
hemostasis, 


2. Management of soft tissues. 
3. Management of hard tissues. 
4. Access to root structure. 
Periracdicular curcllage, 
Root end resection. 

Rool end preparau. 


Root end filling. 


Wu «Oo A 


S oft tissue repositioning and suturing. 


10, Post surgical care. 
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Anesthesia and hemostasis: 


The injection of a local anesthetic agent 


that contains a vasoconstrictor has two equally 
important objectives: 


E 


0 


Toe obtain profound and prolonged anestnesia. 


To previde cood hemostasis both during and 
after the surgical procedure. 


The selection of an appropriate anesthetic 
agent should always be based on the medical 
status of the patient. 


The two major groups of Incal anesthetic 
agcnts are the esters and amides. 


The difference between them is in the 
manner by waoich they are metabolized and 
tne potential for allergic reactions. 


Esters have a much higher allergic potential 
[nan amides, 


The amide group of local anesthetics, which 
include lidocaine, mepivicane, prilocaine, 
bupivicane, etidocaine, and = articaine, 
undergo a complex metabolic breakdown in 
tne liver. 


Patients with a known liver dysfunction 
should be administered amide local 
anesthetic agents with caution 


The high clinical success rate in producing 
profound and prolonged local anesthesia 
along with its low potential for allergic 
reactions make lidocaine (Xylocaine) the 
anesthetic avent of choice for periradicular 
Surgery. 

It was reperted that mandibular infiltration 
anaetnesia with articane can provide 


profound local anaethsia needed to perform 
rool canal treatment. 


The choice of vasoconstrictor in the local 
anesthetic will naye an effect on both the 
duration of anesthesia and the quality of 
hemomhave control at the surgical site, 


Epinephrine is the most effective and most 
widely used vasoconstrictor agent in the 
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dental anesthetics, the olber vasupressors 
available are less effective. 


Hemostasis unlike anestnesia, however, 
cannot be acnieved by injecting into distant 
sites, Larger vascular channels are not 
affected by tne injected vasupressur, only 
tne small vessels of the nucrovasculature. 


An inferior nerve block injection effectively 
blocks pain transmission from the surgical 
site; however, the vasopressor injected 
has no effect on ine inferior alveolar 
artery and normal blood flow continues 
to tne peripneral surgical site. Therefore, 
additional injections must be administered 
in the soft tissue in the immediate areca of 
tne surgery. 


Vasopressor agents used in dentistry are direct 
acting, sympathomimetic amines that exert 
tneir action by stimulating special receptors 
on the smooth muscle cells in the microcirci- 
lation of various tissucs, Tnesc agents include 
epinephrine (adrenalin), levonordefrin and 
norepinephrine (neradrenaline). 


There are. two types of adrenergic receptors 
in tissues, alpha and beta, that respond 
differently when stimulated. However, 
depending on tne specific tissue, one will 
usually predominate. 


The action of vasopressor drug on the 
microvasculature is dependent upon: 


The. predominate receptor type. 


The receptor selectivity of the vasopressor 
drug. 


Alpha receptors predominate m the oral 
mucosa and gingival tissues while beta re- 
ceptors predominate in skeletal muscles. 
Epinephrine receptor selectivity is approxi- 
mately equal Cor alpha and beta receptors. 


Stimulation of the alpha adrenergic recepters 
will resull in contraction of the smooth 
muscle cells in the microvasculature with a 
subsequent reduction of bleed Aow through 
the vascular bed, 
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Stimulation of the beta-adrenergic receptors 
will result in a relaxation of the smonth 
muscle cells in the microvasculature with 
a subsequent increased blood flow through 
(ho vascular bed. 


As epinephrine selectivity is equal for 
alpha and beta receptors, and beta receptors 
predominate in the skeletal muscle, It 
is important not to inject epinephrine in 
skeletal muscles in the area of endodontic 
surgery or a vasodilation with increased 
blood flow will result. 


Reactive Hyperemia (the rebound 
phenomenon). If is important thal tue 
endodontic surgeon be aware of tne 
delayed beta adrenergic effect that follows 
(he hemostasis produced by the injection 
of vasopressor amines. ‘lhe rebound 
occurs from an alpha (vasoconstriction) 
to a bela (vasodilation) response and is 
termed reactive nyperemia or the rebound 
phenomenon. This rebound phenomenon 
is not (he result of bela receplor activity 
but results from localized tissue hypoxia 
and acidosis caused by the prolonged 
Vasocons{ricden. 


Soft Tissue Management and Flap Design: 


Principles of Flap tretrinns: 


2: 


Avoid horizontal and severely angled vertical 
incisions, to ayoid cutting a large amount of 
gingival blood vessels that run parallel to the 
long axis of the teeth. Horizontal and severely 
angled incisions, such as used in semilunar 
flaps and in broad-based rectangular Aaps, 
shrmk excessively during surgery as a result 
of contraction of the cut collagen fibers that 
run perpendicular to line of incision. As a 
result of this shrinkage it is difficult to return 
the flap edges fo its original position without 
excessive tension, which results in tearing of 
(he sutures and subsequent scar formation 
from healing by secondary intention. 


Avoid incisions over radicular eminences, 
such as, caninc, maxillary first premolar, 
and mesic buccal root of first molar, Which 


Lad 


often fenestra(e hrouga the cortical bone or 
covercd by very thin hone, which may lead 
to soft tissue fenestration if incisions are 
made over (yer. 


Incisions should be placed and flaps 
repositioned over solid bone. Incisions suould 
never be plaecd over arcas of periodontal 
bone lass or periradicular lesions. 


Avoid incisions across major muscles 
attacnment (frena) hence if can make 
repositioning of tne flap and subsequent 
jealing much more dithcult. Healing 
by secondary intention with sear tissue 
formation offen results. 


Tissue retractor should rest over solid bons. 


Extent of the horizontal incision should be 
adequate to provide visual and operative 
access with minimal soft (issue trauma. 
It should extend at Icast one to two teeth, 
lateral to the tooth to be treated. 


Tac panction of the horizontal sulcular and 
vertical incisions should either include or 
exclude tne involved interdental papilla 


Fig. (6). 











Fig. 6., The vertical incision should either include or exclude 


8. The 


the involved interdental papilla 


flap should include the entire 
mucoperiosteum (full thickness). Full 
thickness flap result in less surgical trauma to 
the soft tissues and better surgical hemostasis 
than split thickness flap. 


Classification of surgical flaps: 


They are classified into full mucoperiostea] 
flaps and limited mucopennsteal flap. ‘The 
m the location 
of the horizontal incision. [ne full thickness 
mucoperiosteal flaps involve  intrasulcular 
horizontal incision with reflection of the marginal 
gingival and interdental papillary tissues. While 
in limited mucoperiosteal flaps the horizontal 
incision is submarginal (subsulcular) and the 
flap does not include the marginal or interdental 
Liss ues. 


diftcrenecce between tnem 1s 


Surgical flaps: 

i. Full mucopertosteai flaps 
a, Tnangular (one vertical releasing incision). 

(two vertical 


b. Rectangular releasing 


INCISIONS). 
c. Trapezoidal (broad-based rectangular). 
d. Hortzuntal (ne vertical releasing incision), 


ce. Papilla-base fap. 


2. damuted mucopertosteal faps 
a. Submarginal curved (Semilunar). 


b. Submarginal scalloped 
fLuebke-Ochsenhe tit), 


rectangular 


i. Full Mucoperiostcal Flaps: 


a. Triangular flap: 





The triangular flap is formed by a 
horizontal, intrasuleular incision, and 
one vertical releasing incision Fig, (7). 
"= Acdvanlages 

o Good wound healing. 

o Minimal disruption of the vascular supply. 

o ©. Base of flap re-approximation. 

o Minimal number of sutures required. 


e Major disadvantage is the limited surgical 
ACCCAS. 
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Fiş. 7. Full rucopediosteal triangular flap with ane ver tical 
incision and a Morisona! imlesulcular incision 
a distal vertical relaxing incision {dotted lina} 
is often used to relieve tension on soft tissues 
during Hap reHection and increases visibility for 
a maxillary first molar 


in posterior surgery, both maxillary and 
mandibular, the vertical releasing incision is 
placed at the mesial extent of tne horizontal 
incision, which gives the surgeon the maximum 
visual and operative access with minimum soft 
tissue trauma. 


Por anterior surgery, the vertical releasing 
incision should be placed at the extent of the 
horizontal incision closest to the surgeon and is 
therefore dependent on the surgeon's posilion to 


the right or lef of the patient. 


b. Rectangular flap: 
The rectangular flap is formed by an 
anid 


two vertical releasing incisions Fig. (8). 


intrasulewlar, horizontal incision 


i. Advaiages: 
l. Increased surgical access. 


2. This flap design is especially 
useful for mandibular anterior 
tecth, when multiple tectnare 
involved in the surgery, and for 
teeth with long roots such as 
maxillary canines. 
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Fig.8.Pu.l mucopesiostea. rectangular flap withtwo vertical 
-cleasing incisions and a horizonta. intrasulcular 
incision. Rectangular Japs are frequently usec in 
the mandibula: anterior region or when multiple 
leeh reynt g emdmdomit SuTBeETy. 


Poad 


Disadvantages: 
Ll. Difficulty in re-approximation. 


2. Pastsurgical stabilizationis also 
more difficulé with this design 
than the triangular flap. 


Trapezoidal flap: 

The trapezoidal Hap is similar fo the 
rectangular flap with the cxception 
that the two vertical releasing incisions 
intersect the horizontal, intrasulcular 
incisions at an obtuse angle. 


The desirability of this flap design 1s 
built on the assumption that this will 
provide a better blood supply to the 
flapped tissues. While this concept is 
valid in other tissues, such as the skin, its 
application is unfounded tc periradicular 
surgery, 


Horizontal flap: 


Horizontal, intrasulcular incision with 
no verital releasing incisions, 

This fap design has very limited 
application in periradicular surgery due 
to the limited surgical access it provides. 


ICs major appheations im endodontic 


surgery arc limited to repair of cervical 
defects (root perforations, rcsarpfion, 
canes, etc) and hemisections and root 
amputations. 


Papilla-base flap: 





The papuilla-base flap is designed fo 
preventrecession of the papilla following 
endodontic surgery as if essentially 
excludes the papillae Pig. (9). 





Fiy 9 Payalla-based fap consists of at least one vertical 
incision connected by the papilla-based incision 
and intrasuleular incision in the cervical area of 
the teeth. This Hap is designed to preserve the 
papilla and prevent recession. 


[tf is highly indicated when valuable 
cosmotic restorations are present in the 
surTical area. 


Although this flap design is more 
challenging fo master, i properly 
executed, if can produce excellent 
results. 


2. Limited Mucopertosteal Flaps: 


Submarginal curved (Semilunar) flap: 


The submarginal curved or semuilunar 
flap is formed by a curved incision in the 
alveolar mucosa and the attached gingiva, 


There are no advantages to this design, and 


TFOHẹNI Reet eek RRS Ea 


ii. 


Fig. 10. Limited 


its disadvantages are many including poor 
surgical access and poor wound healing 
which result in scarring. 


‘This flap design is not reenammended For 
periradicular surgery. 


Submarginal scalloped rectangular [lap 
(Luebke-Ochsenbetn): 


The submarginal scalloped rectangular 
flap is a modification of the rectangular 
flap discussed previously in that the 
horizontal incision is not placed in ihe 
vinvival sulcus but in the attached gingiva 


Rig. (10). 





Luebke-Ochsenbein 


mucoperiastal 
flap with two vertical incisions conmectsc by 
a scallopec 3ubmarginal horizontal incision in 
the altached gingiva. This design is esscotia.ly 
limitec to the maxilla with a safticient amount of 
attached gingiva. 


‘The 
and follows the contour of the marginal 
gingiva above tae free gingival groove. 


horizontal incision 1s scalloped 


The major advantage is that it does not 
involve the marginal or interdental vingi va 
and the crestal bone is nut sxposed. 


The primary disadvantages 13 that the 
vertically oriented blood vessels and 
collagen fibers are severed, which resu_ts 
in more bleeding and a greater potential 
for flap shrinkage, delayed healing, and 
scar formation. 
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Periradicular surgery froma palatal aporoach 
Is more difficult due ‘to the clinician's 
limited visual and operative access to ‘nis 
area. The only flap designs indicated for 
palatal approach surgery are the horizontal 
(envelope) and the triangular, with the 
atter being preferred, The palatal surgical 
approac’ should be limited to the posterior 
ES 


Hard tissue management and curettage: 


Two key factors should and must be kept in mind 
during bony access waich are: 


Healthy hard tissue must be preserved as 
much as possible 


[icat generation during the procedura: heat 
in the osscous tissucs up to 47-S0°C for | 
minute greatly reduces bone formation and 
leads to cellular damage. 


Bone removal is best accomplished using carbide 
round bur in brush siroke motion, 


The most difficult and challenging situation 
for the endodontic surgeon is wien several 
millimeters of cortical and cancellous bone 
must be removed fo gain access to the roof, 
especially when no periradicular radiolucent 
lesion is present. 


A number of factors should be considered to 
determine the location of the bony window 
in this clinical situation, 


The angle of the crown of the tooth to the 
root should be assessed. 


Measurement of the entire tooth length can 
be obtained from a well-angled radiograph 
and transferred to the surgical site by the use 
of a measured sterile file or ruler. 


Aradiopaque marker, such as a small piece of 
lead foil from a radiographie fim vackel or a 
small piece of cutlapercna, can be placed on 
the buny defect and a direct image exposed. 
The radiupaque object will provide guidance 
for tie position of (ne root apex. 
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The root surface can be distinguished from 
the surrounding osseous tissue in four ways: 


© Root structure generally has a vellowish 
color, 


© Roots do not bleed when proved. 


0 Root texture is smooth and hard as 
opposed to the granular and porous 
nature of bone, 


© It is surrounded by the periodortal 
livarneri, 


Under some clinical conditions, the root 
may be very difficult to distinguish from the 
surrounding osseous tissue. 


Some authors advocate the use of methylene 
blae dye to aid in the identification of the 
periodontal ligament. A small amount of the 
dye is painted onthe area in question and left 
for l to 2 minutes. When the dye is washed 
off with saline, the periodontal ligament will 
be stained wilh the dye making il easier lu 
identify the location of the root. 


The use of endodontic microscope had made 
this problem easier to handle. 


The use of a liquid coolant is indispensable 
in controlling temperature increase during 
bone removal, 


The Impact Air 45 degree high speed 
handpicce Fig. (11) offers the added 
advantage that the air is exhausted to the rear 
of the turbine rather than toward the Sur and 
the surgical site which could result in: 





Fie. 11. Air impact 45 handpiece 


o Emphysema. 


© Potential hazards of pressurized nonster- 
ile air blown into open surgical sites. 


Onee the root and the root apex have been 
indentified and the surgical window through 
the cortical and medullary bone has been 
properly established, any diseased tissue 
should be removed from the periracicular 
bony lesivi. 


This removal of periradicular inflammatory 
tissue is best accomplished by using various 
sizcs and shapcs of sharp surgical bone 
curettes and angled periodontal curcttcs. 


Prior to the periradicular curettage, it is 
advisable to inject a local anesthetic solution 
containing a vasoconstrictor into the soft 
tissue mass. This will reduce the possidility 
of discomfort tc the patient during the 
ebridemernt process and will also serve as 
smorrhage control at the surgical site. 





Fig. 12. Photographs for case of apical curettage 


Curcttage of the inflammatory soft fissuc 
will be facilitated if the tissuc mass can be 
removed in anepiecc big. (12). Penetration of 
the sott tissue mass with a curette will result 
in increased hemorrhage, ard shredding the 
tissuc will result in more difficult removal. 
To accomplish removal of the entire tissue 
mass, the largest bone curette, consistent 
with the size of the lesior, is placed between 
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the sott tissue mass and the lateral wall of 
the bony crypt with the concave surface of 
the curette facing the bone. Pressure should 
be applied against the bone, and the lesion 
being scoped and removed in one plece. 


Need for Hemostasis Fig. (13): 
I. Mechanical: 
a. Bone wax (non-resorbable). 
b. Calcium sulphate (rescrbablei. 
2. Chemncat: 
a. Vasoconstrictor (epinephrine). 
b. Ferre sulphate. 
3, Btologicat: 
a Thrombin. 
b. Cielatin (Cielfoamd. 


ec. Collagen (Collatape/Collacot). 





Fig 13. Need Por hemostasis 


BONE WAX was itroduced by Hursley in 
1892, it is made of purified beeswax (88%) 
in addition to isopropyl palmitate (12%) as 
sattcning agent, ts mode of action 18 purely 
mechanical. After compelction of surgery it has 
ta be removed completely sinec some persistant 
inflammation and delayed healing was reported. 
The availability of more biocompatible and 
resorbablehaemeostatic agents made bonewax 
not recommended in periradicular surgery 
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CALCIUM SULPHATE (plaster of Parts) used 
in surgery aver Wi) years . It is biocompatible 
and resorbs completely in 2 to 4 weeks,if some 
traces left in place it does not cause increase in 
Inflammation, itis inexpensive, and being porous 
materal thus allowing fluid exchange within 
the bony cavity. Recently it gains popularity as 
barrier in guided tissue regeneration. 


VASOCONSTRICTOR, such as cpincphrine 
which is most effective and most often 
recommended., It is available in form of cotton 
pellets containing epinephrine in various 
concentrations (Epidri; Racellete/ Radri). It is of 
areat importance not to leave any cotton fibers at 
the surgical siteas it might impair wound healing. 
It should be used with caution in patients with 
severe heart disease. 


FERRIC SULPHATE, was first introduced in 
1857 as (Monsel’s solution), Its mode of action 
results from agglutination of blood proteins for 
its acidic pH. In contrast to vasoconstrictors ferric 
sulphate affects hemostasis through a chemical 
reaction rather than an alpha adrenergic effect. 
It is easy to apply. and hemostasis is achieved 
almost immediately,but it 1s cytotoxic and may 
cause tissue necrosis and tattooing of tissues. 


THROMBIN, acts to initiate the extrinsic and 
intrinsic clotting pathways. [t is not widely used 
in endodontic surgery. Its main disadvantages 
are difficult handeling and high coast. 


GELATIN, (Gelfoam/ Spongostan) are water 
insoluble and resorbable. They are hard gelatin 
based sponges made of animal skin zelatin and 
becomes soft in contact with blood. It works 
intrinsically by promoting disintegration 
of platelets causing subsequent release of 
thromboplastin which stimulates the formation 
of thrombin. Once gelatin contact bload it 
swells and forms soft gelatinous mass. Best 
used before closure of surgical site to guard 
against postsurgical bleeding from the “rebound 
phenomenon” or in extraction socket, 
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COLLAGEN, have been used extensively as 
surgical hemostatic agents. The mechanism of 
action is thought to be: 1) stimulation of platelet 
adhesion aggregation and thromboplastin release 
2) activation of factor V111 (Hageman factor) 
3) mechanical action 4) release of serotonin. 
The collagen used is obtamed from bovine 
sources, and supplied in sheets (Collatape) 
or sponge pads (Actifoam), both can achieve 
hemostasis in 2 to 5 minutes. 


MICROFIBRILLAR 


collagen framework for platlet adhesion and 


collagen, it provides 


formation of plug that occlude the open vessels. 


ROOT-END RESECTION 


Two main principles affect the extent of rool — 
end resection: 


l. The cause of the disease must be removed 


2. Adequate room for inspection and 
management of the root end. 

ANGLE OF RESECTION 

The recent technology conceming the 


magnification and illumination techniques have 
eliminated to a great extent the need to bevel 
the roct end. Biclogically the most appropriate 
angle of resection is to be perpendicular to the 
long axis of the tocth for2 main reasons: 


L. Perpendicular resection of the apical 3mm 
will elude all the apical ramifications. 


2. Perpendicular rescetion will expose less 
dentinal tubulcs than the heveled resection. 


The cut surface should be as smooth as possible 
for better inspection of any possible cracks or 
defects. This is best obtained by a multipurpose 
bur followed by ultrafine diamond finishing bur. 


When endodontic surgery is performed m the 
area around the root apex, root-end resection 
is almost always a component of the surgical 
procedure. It has been reported that reseeuion of 


the apical 3 mm of the root apex will elimanate 
08% of the apical ramifications and 93% of the 
lateral canals which could contain material that 
would contribute to the periradicular disease. 
Performing periradicular curettage without root- 
end resection is generally indicated when the 
surgical procedure is being performed solely 
to obtain the periradicular soft tissue lesion for 
biopsy purposcs. 


INDICATIONS 


Root end resection is indicated for different 
reasons. Removal of the root apex will aid in 
elimination of anatomical variations, resorptive 
defects, ledges, perforation defects, canal 
obstructions, and separated instruments that may 
be present in this area of the roct and to gain 
access for the removal of pathologic tissue that 
may be trapped along the lingual surface of the 
root, The indications can be classified into either 
biological or technical. 


The most common biological factors were 
persistent symptoms and continued presence 
of a periradicular lesion. The most common 
technical factors were the presence of post and 
core restorations, crowned teeth without posts, 
irretrievable root canal obturating materials and 
procedural accidents. 


Three important factors should be considered: 
The type of bur or laser energy used, level of 
root resection and how much root end should 
be resected, and the angle at which the root end 
should be beveled. 


A) BUR/LASER SELECTION 


Though various types of burs have been 
recommended for root-end resections, there 1s 
no evidence to support any advantage of onc hur 
tyne over another with regard to tissue healing 
response, 


The plain fissure bur, both at high and slow- 


speeds, produces the smoothest resected rout 
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surface, and the plain fissure bur at slow-speed 
results in the least distortion of the gutta-percha. 


Many investigators have studied or reported on 
the ex vivo and in vivo effects of the application 
of laser cnergy to perform root-cnd resections. 


Various forms of laser have been used among 
which are: 


Er: YAG, Ho: YAG, (CO) laser and Nd: YAG laser 


Tae advantages of using laser can be listed as 
follow: 


lL. No smear layer or debris left on tne resected 
root surfaces. 


Improves hemostasis. 
Improves visualization. 


ntenlize contaminated root apex. 


Vio woh 


Reduction in permeability of cut root 
surface dentin. 


6. Reduction of postoperative pain. 


7, Reduced risk of contamination of the 
surgical site through the elimination of 
a need for aerosol-preducing air turbine 
handpieces. 


&. The absence of discomfort and vibrations. 
9. Reduced risk of trauma to adjacent tissuc. 


Regardless of tne technique used for root-end 
resection, the cut root surface must be carefully 
examined for possible cracks, anatomical 
vallalions, and the adequacy of the orlnovrade 
obturating material, waien can be accurately 
assessed with tne operating microscope. 


B) EXTENT OF THE ROOT-END RESECTION 


Conservation of root length should not 
compromise the goals of the surgical procedure. 


There is no agreement on how much of the root 
end should be resected. The extent of rool end 
resection will be related to number of variable 
factors that must be evaluated on an individual 
casc-by-casc hasis. 
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The shape of the root and the number and 
location of canals within the root may dictate the 
amount of root resection. 


Tne amount to be resected may also be affected 
hy the location of perforation defects, ledges, 
scparated instruments, and the apical extent 
of posts and orthograde obturatmg materials. 
Tre level of the crestal bone and the presence 
of periodontal defects will be major factors m 
determinmy how much root end van or should 
be resected, 


O ANGLE OF ROOT-END RESECTION 


Historically, endodontie text books and other 
literature have recommended that the angle of 
root-end resections, when used in periradicular 
surgery, should be 30° to 45 from the long axis 
of the root facing toward the buccal or facial 
aspect of tne root. 


[n the past, the bevel was placed strictly for tne 
convenience of the surgeon, but with modem 
microsurgical nsthuments and use of the surgical 
oprane microscope, this need is uo longer 
justified. 

eveling of the root-end results in opening of 
more dentinal tubules on tie resected root surface 
that may communicate with the root canal space 
and result in apical leakage, 


Roat-Eind Preparation 


[t is the most important step to establish proper 
apical scal. The goal is to create a cavity in the 
resected root that is sufficient for the placement 
of the roof-end filling maternal. The ideal 
preparation is a class [ cavity prepared along 
the long axis of the tooth to a depth of at least 
3mm. traditionally, a miucro-head hand-ptece 
with rotating bur has been used for this purpose. 
However, new ultrasonic devices and tips are 
designed especially for this purpose, where 
root-end preparations are often performed using 
ultrasonics. 
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Advantages of ultrasonic preparations over the 
micro handpiece: 


1. Minimal osteotomy to gain access to the 
resected root-end. 


2. Ability to perform more conservative 
preparation that follows the long axis of 
the tooth. 

4. Decrease risk of root-end perforation. 

4. Ability to produce deeper cavily 
preparations. 


5. Decrease the need for beveling of the 
root-end. 


6. Less smear layer formation. 


The major disadvantage is the possibility of roct 
fractures and cracks as a result of ultrasonic 
vibration, 

a Bur-Type preparation: 

Oo Using round or inverted cone bur 
in miniature hand piece Fig. (14) or 
pediatric size contra angle head hand 
piece, 





Fie. 14. Magnified picture for miniature hand piece 


o Historically, there were different cavity 
designs done using burs either class I, I 
(slot prepurauion) or tunnel preparation 
Fig. (15). 





« The introduction of ultrasonics in roct end 


preparation have led the bur type preparation 
to limited use in modem dentistry. 


Fia. 14 Class 7, T bur ype preparation 


Requirements for root-end preparation: 


l. The apical 3mm of the root canal must be 


freshly cleaned and shaped. 


2. The preparation must be parallel to and 
comcident with the anatomic outline of the 
pulp space. 


3. Adequate retention form must be created. 


4, All isthinus tissue, when present, must be 
removed, 


Remaining dentin walls must not be 


weakened, 


Öne of the major objectives of a root end 
preparation is that it should be placed parallel tu 
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the long axis of the root. It is rare that sufficient 
access is present to allow a bur in a contra angle 
or straight handpiece lu-be inserted down the 
long axis of a root. 


One of the most significant advances in 
periradicular surgery was lhe inlroduction ul 
ultrasonic. micro-surgical tips For the root-end 
preparation with the following advantages: 


l. Less need for root-end beveling. 


32, The tip is able to stay centered in the root 
and follow the original rool canal space. 


2, Decreasing the possibility of lingual or lat- 
eral root perforations. 


4. Conserving a greater thickness of the re- 
maining root canal wall. 


5. Smaller osteotomy is required to accommo- 
date the ultrasonic tips. 


6, Deeper root-end preparation. 


7. Less dentinal tubules were exposed decreas- 
ing the chances of leakage around the root- 
end filling material. 


R. Root-end cavityis much cleaner with ultra 
sonic tip preparations as compared to bur 
preparations. 


Llitrasonic tips: 


First developed by Dr. Gary Carr, either plain 
slaimless sleel or diamond coated lips. More 
recently introduced 1s the Kis microsurgical tips 
coated with zirconium nitride for faster dentin 
cutting with less ultrasonic energy, as ane of 
(he reported disadvantage of ultrasone is the 
formation of cracks in the dentin surrounding the 
root-end preparation Fig, (16) 


Root end surface treatment and conditioning: 


Three solutions can be used for root surface 
treatment, namely: 


l. Citric acid 


2. Tetracycline 


Fig. 15. CT stst tipe and KT {Kis tips) coated with 
zirconium nitrace for Faster cutting with low 
ultrasonic enzrey 


3. EDTA 


These solutions enhance the fibroblast attach- 
ment to root surface, based on periodontal stud- 
ies. However, citric acid is the only one tested 
in animal studies for roct end cavity surface 
(realmenl. Torbinepad (manufacturer of MTA) 
advised not to use EDTA, when MTA is used as 
the root end filling material as he claimed that 
it might interfere with the hard tissue producing 
the effect of MTA. 


ROOT-END FILLING MATERIALS 


Many materials have been used as root-end 
filling materials including: gulla percha, 
polycarboxylate cement, silver points, titanium 
screw, zinc phosphate cement, amalgam and 
gold tail. However, the most commonly used 
materials are: 


lL. Zine oxide and eugenol cement 
Intermediate restorative material (IRM) 


Super BBA 


be 


3 

4. Glass ionomer cement 

5S. Makei 

6 Composite resin 

7. Mineral trioxide agurevale (MTA) 
8. Bioceramics 


The purpose of root-end filling is to establish 
a seal between the root canal space and the 
periradicular tissues. An ideal rnot-end Alling 
material should be (1) able to prevent leakage 
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of bacteria and their byproducts into the 
periradicular tissues, (2) mom-loxic, (3) non 
carcinogenic, (4) biocompatible with the 


host tissues, (5) insoluble in tissue fluids, (6) 
dimensionally stable, (7) unaffected by moisture 
during setting, (4) casy to usc, (9) radiopaque, 
(10) sorstairing, and (11) bior ductive (promote 
cementogenesis). Numerous materials have heen 
suggested for use as root-end fillings including 
gutta-percha, amalgam, Cavit, intermediate 
restorative material (IRM), Super EBA, Diaket, 
class ionomers, composite resins, carboxylate 
cements, zine phosphate cements, zinc oxide 
eugerol cements, and mineral trioxide aggregate 
(MTA). 


Based o1 a review of the currently available 
literature, there does ot appear to be an “ideal” 
root-end filling material. MUA appears to he 
tne ocurrently-available material that most 
closcly meets the requirements both physical 
and biological for a root-end filling material, 
especially due to its regenerative potential. 
Its primary disadvantage is its handling 
characteristics. Recently introduced is white 
MTA with less potential for staining. Care must 
be taken not to wash out the filling material by 
irrigation prior to closure of the soft tissue. The 
setting time of MTA is 2.5 to 3 hours. 


Soft tissue management, 
postoperative care 


suturing, and 


After final inspection of the root-end filling 
remove all visible excess filling material and any 
surgical packing, a radiograph should be taken to 
evaluate tne placement of the root-end filling and 
to check for the presence of any roct fragments 
or excess root-end filling material, 


REPOSITIONING AND COMPRESSION 


The elevated mucoperiosteal tissue should be. 
gently replaced to its orginal position with the 
incision lines approximated as closely as possible. 


SUTURING 


The purpose of suturing is lu approximate 
the ineised tissues and stabilize the rapped 
mucoperlosleum until reattachment occurs, 


Sutures arc available in many difterent materials, 
the most common heing synthetic fhers [nylor, 
polyester, polyglactirn (PC), and polyglycolic 
acid (PtrAiJ, collagen, gut, ard silk. Sutures 
arc classified as absorbable or roanabsorhable, 
by size the 
minimum diameter, and by physical design as 


according to manufacturer's 


monohlament, multiflame nat, twisted, or braided. 
SILK 


Silk sutures arc made of protein fibers (fibroin) 
bound together with biological glue (sericis), 
non-absorbable, multifilamentous, and braided. 
Due to the severe tissue reaction to silk, it is 
not the suture material of choice for endodontic 
surgery today. 


GUT 


Collager. is the basic component of plain gut 
suture material and is derived from sheep or 
bovine intestines, It is monofilament absorbable: 
up to 10 days. Chromic gut sutures consist of 
plain gut that nas been treated with chromium 
trioxide which results in a delay ofits absorption. 
Plain. gut is more biocompatible with oral soft 
tissues than. chromic gut. 


COLLAGEN 


Reconstituted collager. sutures are made from 
bovine teadon after it has been treated with 
cyanoacetic acid and then coagulated with 
acetone and dried It has no advantage over gut 
for endodontic surgery, used almost exclusively 
In microsurgery. 


PGA 


Sutures made from fibers of polymerized 
glycolic acid are absorbable in mammalian 
tissue. The rate of absorption is about 16 to 20 
days. PGA sutures consist of multifilamentous 
thatare braided absorbable and mar.utactured as 
Dexon. 


TECHNICAL RCL NICAL ENDODONTICS 


PG 


In 1975, the development of a copolymer of 
lactic acid and Glycolic acid called PG 910 (90 
parts glycolic acid and 10 parts lactic acid), it 
is absorbable of braided multi-flamentous. 
Absorption rate is similar to chat of PGA, They 
are commercially available as Vicryl. 

NEEDLE SELECTION 

Surgical needles are designed ta carry the 
suture material through the tissues with minimal 
trauma. For tnat reason, a needle with a reverse 


cutting edge (the cutting edce is on the outside of 
the curve) is preferable. 


SUTURING TECHNIQUES 

L. Single interrupted suture. 

2. Interrupted loop (interdental suture). 
3. Vertical mattress suture. 
4 


single sling suture. 


POSTOPERATIVE CARE 
L. Limit physical activity for the first 24 hours. 


2. Have a good diet and drink plenty oF liquids 
forthe first few days after surgery. 


3. Do not brush in the area ofthe incision for 
the first 3 days, 


4. Do not lift up your lip or pull back your 
cheek to look were the surgery was done. 


5. A little bleeding from where the surgery was 
done is normal. 


6. Place an ice bag (cold) on your face woere 
tue surgery was done. You should leave 
it on for 20 minutes and take it off for 20 
minutes. You should do this fer 6 to 8 hours. 
Toe next day aller surgery, you can pul a 
sult, wet, nol towel on your face where the 
surgery was done. Du this as often as you 
can forthe neat? to 3 days. 


TZČHĦ CAL & CLINICAL ENDOCONTICS 


7. Discomfort after tne surgery is normal and 
pain killer is recommended. 


8. Rinse your mouth with one tablespoon of 
the enloroexid:ne mouth wash. 


9 The stitches that were placed need to he 
taken out in a few days. 


LO. If you have any problems or if you have any 
questions, you sould call the office. 


CORRECTIVE SURGERY 


Corrective surgery can be defined as the surgical 
procedure required to repair defects that occur in 
root or furcation areas as a result of mechanical 
or pathologic processes. These defects are. 
located in areas of tne root other than the apex. 


Conditions requiring eoireclive surgery either 
due. to procedural errors such as perforations 
or pathological as a result of caries, periodontal 
lesions, external resorption, and perforating 
interna] resorption. 


Corrective surgical procedures include 
periradicular surgery where access is gained 
through a flap procedure to repair the root and 
periodontal defects. Root amputation is also a 
possibility when a defect can only be corrected 
if an entire root of a multirovled tooth is 
removed and (oe remaining crown ul the tooth 
is recontoured and retained. In mandibuiar 
molars a hemisection procedure nay be required 
to remove the entire crown and root on the 
side of the tooth where the defect is present. 
An intentional replantation procedure is only a 
treatment option when all other nonsurgical and 
surgical procedurcs havc already heen attempted 
and Failed or have been deemed impossible to 
pertorm. In these cases the tooth is extracted, the 
detect repaired, and the tooth repositioned into 
ifs original socket, 
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PERFORATION REPAIR 


Perforations in the Hoor of the pulp chamber in 
multirooted teeth may occur during endodontic 
access preparation, post Space preparation, oF in 
conjunction with extensive caries or resorption 
lesions. 


The mitial attempt at repair should be from 
an intemal, nonsurgical approach. Corrective 
surgery 1s rescryed for those tecth where 
nonsurgical repairis nota treatment option or the 
attempted nonsurgical repair has failed. When 
surgery is necessary, a buccal mucoperiosteal 
flap is reflected, the furcation bony defect is 
curelled to remove any pathologic tissue, and tie 
perforalion sile is repaired, 


Treatment depends on two factors: 


L. Whether the defect is perforating and 
communicating with pulp space or not. 


2, The location ofthe defect. 


If not perforating, buccal envelop gingival flap 
might be enough or raising a full mucopericsteal 
flap and lesion is repaired with MTA, amalzam, 
glass tonomer or composite resin depending on 
woebner lesion lies in cosmotic area ar not. 


If perforating, internalrepairshould be attempted 
first or surgical treatment is done. 


The location of the defect: if at cervical or mid 
root surgical approach is indicated. If located 
apically root end rescetinn and filling are 
indicated. 


If located in an inaccessible area, the treatment 
would be enher intentional replantation or 
extraction. 


ROOT AMPUTATION Fig. (17) 


Root amputation procedures may be indicated 
wren a mufirooted toota has one root that cannot 
be retained and the other roots have adequate 


periodontal support and the remaining crown 
slruclure can be restored. These procedures 
are most frequently encountered in maxillary 
molar involved with chronic periodontal disease 
specially mesiobuceal and distobuceal roots. 
Palatal root amputations are rarely performed 
because of the poor prognosis of retention of 
these teeth with just the two retained buccal 
roots. Root amputation 1s not the treatment of 
choice of a mandibular molar and only indicated 
in mandibular molars when the tooth is acting as 
an abutment for a well-fitting serviceable fixed 
bridge. 





Fig. 7. Root amputation procecure of cistobuccal root 


Tuere is a tendency in today’s dental practice 
to extract these teeth and replace them with 
osseointe grated implants. 


Contraindications for this procedure include: 


l. Remaining roots do not have adequate 
periodontal osseous Support, 


2. Teeth with fused root. 


3. The remaining rools cannot be success- 
fully treated endodontically, 


4, ‘The patient has poor nome care and oral 
hygiene. 


Nonsurgical root canal therapy should be 
completed on the roots to be retained before 
performing the amputation procedure. The root 


FEC ANIZA. & CLINICA- ZN SOCONTICS 


‘o be amputated should be cleansed and shaped 
and filled with either arnalgan or MTA. Once 
the restorative mmalenals have sel, the surgical 
procedure can be performed. 


HEMISECTION Fig. (18) 


When rool removal is indicated in a mandibular 
molar because of a vertical root fracture, 
procedural errors or pathologic resorptive 
process, hemi-section 1s usually the treatment 
of choice. Due to ‘the difficulties noted above 
in attempting to perform a root amputation 
procedure on mandibular molars, removal of 
one-half the tooth is a more predictable trealment 
procedure. l'his procedure is also falling out of 
favor as a treatment procedure today because 
the prognosis for success with osseointegrated 
implants is muci better than that for hemusected 
teeth. As with a tooth amputation, nonsurgical 
endodontic therapy is completed first and (hen 
core material or a post and core restoration is 
placed into the coronal aspec: of the ront to be 
retained and pulp chamber. 





Fiz. 1%. Radiographs “or hemisection cass 


BICUSPDIZATION Fig. (19) 


It is ‘he same procedure as hemisecction but both 
roots will be retained. It is done when the defect 
lies in tne bifurcation and both roots are able to 
be retained. The procedure was found to have 
a very poor long-term prognosis and is rarely 
recommended as a treatment option today. 
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PERIODONTAL REGENERATIVE 
PROCEDURES 


Some situations are encountered requiring 
periodontal resenerative procedures in addition 
to {ne corrective root surgery. [hese regenerative 
procedures may include placement of decalcified 
freeze-dried bone. allograft or calcium sulfate 
materials and guided tissue procedures using 


either resorbable ar nonresorbable membranes. 





Fig 19. Photographs for bicuspdization case 


INTENTIONAL REPLANTATION 


Intentional replantation may be defined as the 
purposeful extraction of a tooth to repair a defect 
or cause of a treatment failure. and then returning 
(he tooth to ifs original socket The individual 
first credited with tne principle of extraction and 
replantation was an Arabian physician by the 
name of Abulcasis (AbulKasim Al-Zahrawi, 
Fig. (1) who practiced in the eleventh century 
(936-1013). 


Weine has stated that intentional replantation 
is only indicated when all other cndndantic 
nonsurgical and surgical treatments nave been 
performed and Failed cr were deemed impossible 
to perform. 
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Indications: 


|. Nonusurgical and surgical endodontic 
procedures have beer deemed impossible 
ard lhe patient desires all possible efforts be 


made to retair. the natural ceoch. 


2. Limited mouth opening that preverts the 
performance of nonsurgical or periradicular 
surgical endodontic procedures. 


3. Root canal obstructions. 


4. Nonsurgical and surgical treatments have 
failed and symploms and/or periradicular 
disease persisted. 


9. Reserptive or perforation root defects that 
exist œ1 areas that are not accessible via toe 
usual surgical approach wilneul excessive 
loss of rou lengli or alveolar bone. 


Contraindications: 


l. Teetn with long, curved roots that require a 
surgical extraction. 


2. Teeto on advanced periodontal disease. that 
has resulted ir poor periodontal support and 
mubilily. 


Lat 


Mutirooted tecth with roots that diverge mak- 
mg extraction ard replantation impessible. 


4. ‘Teeth with nonrestcrable caries. 


« The tooth should be kept out of the 
sockel for the shorlest tine possible. 


« The periodontal ligament attached to 
the roct surface should be sept in moist 
saline orin Hanks Balareed Salt Sohitior. 
during entire time the toota is out of the 
socket. 


e The extraction of the tooth should be 
accomplished as atraumatically as 
possible ta minimize damage to the 
cementum and periodonlal ligament. 


Once the decision has beer. made and accepted 
by the patient to perform the intentional replanta- 
tion procedure, any nonsurgical endodontie pro- 
cedures should be completed to the best degree 
possible. The pulp chamber and coronal access 
are tnen restored to help stabilize and reinforce 
the coronal tooth structure during the extraction 
procedure. 


Following cxtraction, the crown of the tooth 
should be wrapped in gauze moistencd with 
saline or Hanks Balanced Saif Solution and held 
with the beaks of tne forceps. It is also extremely 
important that the root surtaces be constantly 
bathed wita one of these solutions during 
the entire extra-oral time. The roots are then 
thoroughly examined with magaification and 
a fiber optic light to evaluate for the presence 
of rool fractures or periradicular perforation or 
resurplive defects. 


[If root-ernd reseclion is indicated, it should be 
accommplisned perpendicular lo the long axis of 
Lhe rect with the same bur and ir. the same manner 
as if the tooth was still in the socket. After roct- 
end resection, the appropriate ultrasonic tip is 
ased to create the small 2-mm-deep Class I root- 
end preparation. An appropriate root-end filling 
material will then be placed. 


After the teeth has been inserted back into the 
socket, the patient is asked to bite so that the 
occlusion can be checked to assure the tooth is 
fully seated back into the socket. 


Stabilization with a splint may not be required. 
If excessive mobility is present, splinting will 
be necessary. The recommended splinting type 
and length of time arc the same as those for 
replantation of the traumatically avulsed tooth. 


The patient should be re-evaluated 7 to 14 cays 
following toe intentional replantation to remove 
any stabilization that was placed ard to evaluate 
tooth mobility. Other follow-up visits should be 
scheduled 1,3, 6, ard 1? montas following toe 


procedure. 


[IMPLANT SURGERY 
OSSEO[INTEGRATED IMPLANTS Fig. (20) 


It is importan: to emphasize that while the 
surgical placemen’ of ossenintegrated implants 
is within tne scope of cndodantics, it is a very 
technique sensitive procedure. Attention to 
detail is required in ‘he alignment of the implant 
su that it can be properly restored to mainiain 
the health of the supporting periodontal tissues. 


Dentis's who plan to incorporate this procedure 
into their practice should participate in advanced 
raining programs in order ‘a gain knowledge in 
diagnosis, treatment planning, and placement of 
ossecintegrated implants prior to implementing 
their use in clinical practice. 





Fig, 20. Photographs showing case of osseointe arated implant 


ENDODONTIC ENDOSSEOUS IMPLANTS 
Fig. (21) 


This type of implant is rarely ever used in today’s 
practice of dentistry and will only be mentioned 
from a historical perspective. It seemed a good 
idea when tne procedure was introduced because 
the rigid implant would be contamed within the 
conh res at the root canal system, extend irto the 
apical bonc to stabilize the tooth, and not have 
any direct communication with the oral cavity, 
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Fig. 21. Endodontic stabilizer and implant 


MICROSURGERY 


lor years, many dental practitioners have 
benefited from the use of vision-enhancement 
devices, such as loupes, surgical telescopes, 
and head mourted surgical fiber optic lamps. It 
is generally accepted that the better tne visual 
access to the operating field, the higher the 
quality of treatment that can be accomplished. 


Pernaps one of the most important recent 
developments in surgical endodontics has 
been ‘he introduction of the surgical operating 
microscope Fig, (22). 





Fig. 22. Loupe: & surgical microscope 


The advantages of the surgical operating 
Microscope are. 

Visualizing the surgical Feld. 

[‘valuating the surgical fecnnique. 
Reducing the number of radiographs ceeded, 
Expanding patient education through video use 
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Providing reports to referring dentists and 
insurance companies, 


6. Creating documentation for legal purposes. 
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CHAPTER REVIEW QUESTIONS 





l- Discuss the indications and contraindication: of endadontic surgery. 

2- Discuss the indications Sor incision and drainage and caclical weplanation, 
3- Enumerate the steps of periapical surgery 

4- Discuss curettage, root-cnd rzsection and preparation in details. 

5- Discuss different materials available forraol-end filling. 

6- Discuss the inilicalions Dor cormecive surgery 

7- Gi¥e a brief account on replacement surgery. 

© Give a brief account on implant surgery . 


9- Mention the advantages of microsurgery. 





* Ingle JL, Bakland LK, Baumgartner JC. Ingle's Endodontics 5. 6" ed. BC Decker Inc ,2008. 


. Hargreaves KM, Cohen 5, Berman LHA. 10% el Si. ouis: Mosby Year Ronk; 20°71. Cohers Pathways 
ol the pulp. 


* Kim 5, Kratchman 5. Modern endodontic surgery concepts and practice: a review. J Endod. 2005 
Jul,3 207):601-23, 

« Setzer FCI Shah SB, KohliMR,Karabucak B, Kim 5S. Outcome ofendodonliz surazry:a meta-analysis 
of the literature--part 1: Comparison of traditional root-cnd surgery and endodontic microsurgery, 


. Endod. 2010 Now: 360] Lj: 757-65. 


e Pecora GE, Pecora CN. A new dimension in endo surgery: Micro endo surgery Journal of Conservative 
Denliry: JCD. 2015; RCD? -14. 
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After reading this chapter, 


Vital Pulp Therapy 
Preventive 


Endodontics 


Master degree student should be able to: 
1. 


ra 


= I 


TECHNICAL & CLINICAL ENDODONTICS 


Assess the different forms af vita palo therapy far 
orinary ann YOUN OPM well leeth 


Apply diferent techaicues of vital palo therapy in 
ifteent clinical situations. 


Eva uate difleveat materials usec in vita pulp 
therapy. 


Dilferent ate between the treatment options ul 
vital and non-¥ tal teath with open apex. 


Fxeal ain lraciil onal lerhnigues aid new nornepls 
11 manage nei of minature neimanent teeth. 


Ph.D student should be able to: 
1. 


Ma 


Evalualeé and compare the diferent aporoaches for 
maintainiag palo vital ty in immature permanent teath. 


Fyaluale tracitioaal techniques arc new concents in 
management af non-v tal immature teeth (with open 
apexi, 
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T 
LEP Juatlini 


Different forms of nulpal treatment for 
primary and young permanent tecth 


- Indirect vulp capp ng 
- Direct pulp capping 
- ulpotomy 

Non vital pulp therapy 
- Apexitication 
- Apical barricr 
- Revascularization 
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ital pulp therapy is concerned with 
preservation (management) of the 
primary and young permanent teeth 
lt aims to 





with pulp involvement. 
retain that teeth ira healthy condition seit may 
fulfill its rele as uscfiul component of the primary 
and young permanent dentition. 


Importance of Pulp therapy 


* Maintains arch length. 

* Prevents abaormal habits. 

« Maintains esthetics. 

* Helps in mastication. 

* Frovents infection. 

* Prevents speeco problems. 

* Helps in timely eruption of permanent tooth. 


* Allows normal root development and apical 
closure in young permanent teeth as loss 
of pulp vitality will lead to thin diverge and 
Fragile root end and penr crown/root ratio. 


* Torelief pain immediately with uncoopera- 
tive patients, 


Different forms of pulpal treatment for 
primary and young permanent teeth include: 
(Fig 1) 

I, Indirect pulp capping 

H. Direct pulp capping 


ITE, Pulpotomy 


Indirect Pulp Capping 


Indirect pulp capping is a procedure 
performed in a tooth win deep carious 
lesion adjacent to the pulp. In this 
procedure, caries near the pulp is left 
in place te avoid pulp exposure and is 
covered with biocompatible material. 


Objectives 


This procedure activates the tooth to use the 
natural protective mechanisms of the pulp 
against Carica. 


“VITAL PULP THERAPY PREVENTIVE ENDODONTICS 


Theory and disagreement 


The principles of indirect pulp loerapy were 
recognized as early as 1850. It is based on the 
theory that a zone of affceted demineralized 
dentin exists between the outer infected layer of 
dentin and the pulp. Wher. tne infected dentin 
Is removed, the affected dentin can remmeralize 
dentin 


ard odontoblasts form 


avoiding exposure. 


reparative 


Disagreement exists to whether the deep layers 
of carious dentin are infected. Those in favor 
suggested that, as the outer layers of carious 
dentin are removed most of the bacteria would 
be diminuled from ihe lesion. When the lesion 
Is properly sealed, tne substrate on which the 
bacteria act to produce acid is also removed, 
So, witn tne arrest of the carious process the 
reparative mechanism is able te lay down 
additional dentin to avoid pulp exposure. 


fadicafions 


Teetn with minimal pulp inflammation in which 
complete removal of caries would probably 
causc pulp exposure. 


Indirect pulp therapy 


Direct pulp cap 


Partial pulpotomy 


Pulpotomy 


Parlial 
pulpectomy 


Pulpectomy= 


Pulp therapy progression 





Fig. 1. Vital pulp therapy procedures 
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Contraindications 
l. Presence of pulp exposure. 
History of spontaneous toothache. 


2 
3. Toeta sensitive to percussion, 
4. Mobility present. 

5 


Root resorption or periapical discase shown 
radiographically, 


indirect pulp capping agents: 


The sedative dressing to be used in indirec: pulp 
capping may be calcium hydroxide, zine oxide 
and eugenol or glass ionomer cement, 


Chmiel Techniques 


L. Careful diagnosis >y radiograph and vitality 
tests snould be done. 


2. Band tne tootn if the tooth is grossly 
decayed, 

4. Anesthetize tne tooth. 

4. Apply tne rubber dam to isclate the cocth. 

5. Remove the soft caries either with spoon 


excavator or rourd hur. 


6. Use fissure bur and extend itte sound toc‘h 
structure, 


7. A thin layer of dentin and some amount of 
caries are lett to avoid exposure. A spoon 
excavator could be used to remove caries 
near the dcentine-cnamel junction. 


%. Place calcium hydroxide paste on the 
Temalir gy carious dentin. 

3. Cover tne caleium hydroxide with zinc 
oxide cugenol. 


10. If the restoration is te be left for a longer 
time, ther. amalgam restoration snould be 
used. Iftne dressing is lostandthe remaining 
caries is re-exposed ce oral Aluids, failure 
wil] occur. 


LL. The tooth snould be evaluated after 6-8 weesxs 
and the remaining caries removed. 
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The success rate varies from 74% to 99% 
depending on case selection, length of study 
and type of investigation. Success could be 
investigated clinically, radiographically and 
histologically. When whe tooli is re-entered (he 
caries appears to be arrested. The color changes 
from deep red te light gray or brown and the 
texture cnanges from spongy and wet to hard 
and dehydrated. Inflammation will be resolved 
and deposition of reparative dentin beneath the 
caries will allow su sequent eradication of the 


remaining caries Willivul ex posure. 


D Direct pulp capping 


Direct pulp capping procedure. invelves the. 
placement of a biocompatible material over 
the site of exposure to maintain vitality of 
the pulp and promote healirg. 


When a small mechanical exposure of the 
pulp eceurs during cavity preparation or 
following a trauma, an appropriale prutec- 
tive base should be placed in contact with 
the exposed pulp tissuc sọ as to maintain the 


vitality of the remaining pulp lissue. 
Objectives 
The procedure activates a healthy palp to initiate 
a dentin bridge to wall olf the caposure silg. 


Indications 


l. Small mechanical exposure of the pulp 
during cavity preparation or traumatic ir jury. 


2. Teeth with pinpoint carious exposure 


Surrounded with scund dentin. 


3, Absence of signs of irreversible pulpal or 
periapical disease, 
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Contramdications 
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Wide pulp exposure. There is a general 
agreement that the larger the area of carious 
exposure tne poorer the prognosis for pulp 
capping, as wiin larger exposures there is 
more pulpal tissue inflammation and more 
MLICTOUTE anisms IVASIOL, 


Teeth with periapical pathosis or the pres- 
ence of fistula. 
History of spontaneous pall. 


Increased bleeding at the exposure site. 


Purulesat or serous exudate from the expo- 
sure site. 


Periodontally affected teeth are also poor can 
didates because of diminished blood supply. 


lixposures on tne axial wall of the pulp as 
the pulp tissues coronal to the exposure site 
will undergo necrosis leading to failure. 


Teetn with calcification in the pulp 
chamber and root canals indicate previous 
inflammatory response or trauma that render 
the pulp less resporsive to therapy. 


Normal aging of tne dental pulp decrcascs 
chances of success due ‘o increased fibrous 


and calcified deposits with reduction in 


fibroblasts proliferation aad pulp volume. 


10. Primary tecth witn carious exposure. 


CYrnce!l Procedure 


ho 


Administer local anesthesia. 
Isolate tue tooth with rubber dan. 


(‘lean and dry the exposure site. In case 
of carious exposure, peripheral masses of 
caries have to be removed first; this prevents 
pushing of necrotic infected dentin inte 
the exposed pulp whicn will interfere with 
healing. Tne area is washed with saline or 
sterile water, tne dryness should be dore 
with vacuum or cotton pellets. Air should be 


avoided lo prevent dessicaliorn. 


Apply calcium hydroxide over ‘he exposed 
area and surrounding dentine. 


Apply a creamy mix of zine oxide eugenol 
over Ca(OH)2 and allow it to sc: completely, 
followed by a permanent restoration. 


Fig (2). 


Any leakage to the capping material would cause 
failare. 





Fig 2. Dirett pulp capping 
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Pidp capping agents 


anlisepucs, 
agents and 


Many materials, medications, 


antibiotics, anti-inflammatory 
enzymes have been employed as pulp capping 
avents, bul calcium hydroxide and mineral 
irioxide agerevale (MTA)are venerally accepted 
as (ne malerials of choice. 


Calcium Hydroxide Ca (OH), 


© Afode of action 


The cxact mechanism of Ca (QH),is not 
rcally understood. The Hydroxyl group 
is considercd to be [ne most important 
component of Ca (OH),. 


L. It allows it to maintain a local state of 
alkalinity (pH 11) that is necessary for bane 
and dentin formation, although compounds 
of similar alkalinity caused liquefaction 
necrosis whe: applied to the puip, 


7. It 
oatcoclasts. 


neutralizes the lacie acid from the 


3. It activates alkaline pnospnatase enzymes 
which play an important role in hard tissue 
formation. 

4. Ca 
immunologica] reaction and may activate 


ions are an integral part of the 


the Ca dependent adenosine triphosphatase 
enzyme reaction associated with hard tissue 
formation. 


5. thas a bactericidal effect. 


When Ca (OH), is applied directly to the tissues, 
it will cause: 


l- Necrosis adjacent to the pulp tissues. 
2 Inflammation of the contiguous tissue. 


3- Dentin bridge formation occursattoe junction 
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of tne necrotic tissue and the vital inflamed 
tissue. Experiments with radioactive ions 
proved that Ca in dentin bridge comes from 
the blood stream ard not from Ca (OH), . 
The calcified tissue produced from the 
odontoblasts and connective tissue cells was 
histologically identified as a porous layer of 
osteodentin, 


* Drawbacks of Ca (OH)2: 


Occasionally in spite of successful bridge 
formation: 


a- The pulp remains chronically inflamed or 
becomes necrotic. 


b- Internal resorption may occur following 
capping. 


c- Complete dentin mineralization of the 
remaining pulp tissue occludes the canals to 
the extent that they cannot be penetrated for 
endodontic therapy if needed. 


MTA 
Biod enttii 


Biodentin is a biocompatible material, capable 
of inducing the apposition of reactionary dentin 
by stimulating odantoblast activity by induction 
of cell disterentiation. 


MTA R a now biocompatible pulp capping 
agent with apH 12.5. It produces morc dentinal 
bridging in a shorter period of time with less 
inflam mation and supcrior scaling. 


success of the procedure could be investigated 
clinically, radiograpnically and histologically. 
The tooth should be asymptomatic and pulp 
sould maintain its vitality without any siga 
of degeneration or periapical disease. Young 
permanent teeta should show continuous root 
development. Although formation of dentin 
bridge nas been used as one of the criteria for 
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judgirg scecess, bridge formation may occer 
in fecth with irreversible inflammation. More 
over successful pulp capping has been reported 
without tue presence of the deatin over ‘the 


exposure site, 


TIT) Pulpotomy 


Pulpotomy refers to amputation of the vital 
inflamed pelp from ‘he coronal chamber 
followed by medicament placement over 
the radicular pulp stump, to fix or stimulate 
repair of the remaining vital pulp tissue. 


Objectives of Puipotomy 


|. To preserve the vitality of the pulp. 


tea 


To promote apexogeresis by refairing 
the vitality of the pulp in the canal of an 


immature young permanent toot, 
3. To provide pain relief in case of acute pulpitis. 
Rationale of Puipotomy 


Bacterial contamination cacses inflammatory 
response in ‘he pulpal tissue. This inflammation 
transmits from coronal io the apical pari witi 
time. The rational of pulpetumy is to save the 
remaining pulp wher only tne superficial part is 
involved, This preserves the vitality of tne pulp. 


This practical excision of pulp, 1e. pulpotomy 


offers the following advantages over the 


complete removal of pulp Le pulpectomy: 
a- Preserves structural integrity of tooth. 
b  Pulpectomy in young permanent tooth can 


interrupt growth of the root, resulting in 
short roct without apical constriction. 


Criteria for Successful Pulpotomy 


l. The tooth should be asymptomatic. 

2. The tooth should respond to pulp testing. 

4. Noradiographic signs of periradicular peri- 
odortitis. 


4. No indication of root resorption. 


fiditcahonus 


l. Young permanent teeth with vital exposed 
pulp and incompletely formed roots. 


2. Primary teeth with pulp exposure in which 
inflammation or infection is judged ‘o be 
confised to the coronal pulp. 

Confratidicatians 


l. Non restorable tooth, 
2. A history of spontaneous pain. 


3, Evidence of periapical pathosis or presence 
of fistula. 


4. A pulp without hemorrhage following pulp 
exposure, 


5. Inability fo cortrol hemorrnage tollowing 
coronal pulp amputation. 


O. A pelp with serous or purulent disenarge. 


7. A primary tooth near exfoliation or with no 
bone overlying permanen: tooth crowr. 


Puipotomy agents: 


Ca(OH)2 ts considered the material of choice in 
pulpo‘omy in young permanent teetn dre to its 
hich success rate. 


{loncerning primary tecih studics showed tha: 
formocresol pulpotomy has a higher success 
rate than Ca(OH}2. 


(imeal Techniques 
l. Give adequate local anesthesia in the area. 
2. Apply tne rubber dam ‘o isolate the tooth. 


3, Remove infected dentin before entering 
pulp chamber either with round bur or spoor 
excayalor. 


4. Extirpate the coronal pulp down io pulp 
stump at the orifice of the canals witu ‘the 
help of round bur or spoon excavator. 


5. Apply gentle pressure with moistened 
cotton pellets to arest pulpal bemurrnaze. 


6. When hemorrhage is controlled: 


- Adressing of Ca(OH)? is placed over the 


amputation site in permanent teeth 


- A dressing of 1/5 formocresol on a cotton 
pellet is placed in direct contact with the 
pulp stamp for $ minutes, in formocresol] 
pulpctomy. When the cotton is removed 
the tissues should appear brown and no 
hemorrhage should be present. 


7. In case of Ca(OH)? pulpotomy a creamy 
mix of AO must be placed over the 
CalOHI and allowed to set completely. In 
case of formocresol pulpntomy a cement 
base of ZOIL is placed over the pulp stump 
and allowed to set. Tne tootn may then be 
restored permanently. 


ff ommocresne 


Formocresol pulpotomy is considered to be the 
treatment of choice for primary teeth with vital 
carious exposure of the pulp. This is due to its 
ease pf use and excellent clinical success. 


Nevertheless formocresol pulpotomy has been 
reported as a temporary treatment on permanent 
teeth witn irreversibly inflamed pulps until 
endodontic treatment is advocated ata later date. 


The use of formocresol has been controversial 
issue Since there has been many reports about 
its wide distribution and its potential toxicity, 
allergenicity and carcinogenicity. 


Mode of action: 


Formnucresol has the ability to prevent autolysis of 
ussues by complex chemical binding with the in- 
termediate end product of inflammation to fomm a 
colorless non-mfective tissue of harmless nature. 


Immediate effect: within few minutcs of 
application it shows a surface area of fibrosis. 


After 4-7 days: 3 distinct zones become evident: 


- A zone of fixation close to the material fol- 
lowed by, 
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A. Decay efpos:ng and infecting the pulp chamber. 
B., Removing infected corcnal pulp tissue. 

C. Treat chamber with medicine on cotion halls. 

D. Fall chamber with paste lling. 





Fiy. 4. Sleps of pulpotonusy 


- Azone of atrophy, then 


- Abroad zone of curone inflaminatory cells 
diffusing apically into tne normal pulp 
tissues. 


Aller 60 days to one yearzihe entire pulp 
becomes fibrous. 


Other materials used for pulpetoniy 


* Gfuteratdeiyde: Duc to the systemic 
effect of Formocresol], elutaraldehyde has 
heen suggested as a possible replacement 
for pulpotomy on primary teeth. Aqueous 
vlularaldehyde 2% to 4% produces rapid 
suitace fixation to the tissues directly 
below tne area of application. it has less 
penetration effect to the underlying tissues. 
The rest of the pulp tissues remain vital and 
free from inflammation. The advantage of 
glutaraldehyde over formocresol: 
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a- It does not perfuse the pulpal tissue to 
the apex. 


b- Itdemonstrated less systemic distribution 
immediately after application. 


c- The drug is limited largely to the pulp 


space, with little evidence of escape 
outside the tooth following pulpotomy. 


The indication, contraindications and 
technique for glutaraldehyde pulpotomy 
are tne same as formocresol pulpotomy. 


SHCCESS: 
Clinical success is judged by: 


L. Absence of any clinical or radiographie sign 
of pathosis. 


2. The presence of cortinued root developmen’ in 
vouig permanent teeth with mconplete roots. 


3. Unlike Ca(QH)2 pulpotomy, with formocre 
sol no dentin bridge occurs. 


Stens of failure. 
l. Clinically: pain, swelling, mobility, fistula. 


2. Radiograpnically: radiolucency at the 


furcation, apex or lateral to tie root. 
3. Internal / external resorption of the root. 
Controversy 


Should pulp capping and pulpotomy be 
considered as permanent treatment in immature 
permanent teeth? 


© NO: Once root formation is completed, 
routine endodontic treatment may be 
performed. 


\ YES: No need ta do routine endodontic 
treatment urless there are patnological 
changes. 











Factors affecting outcome of vital pulp therapy 
Pulp status 

Ace of the patient 

Restorative placa 

Control of microorganisms 

Size of exposure 


Material used for vital pulp therapy 
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Operator experience 


Non vital pulp therapy 


|. Apexificalion 
Il, Apical barrier technique 


Hl. Revaseularization 


[V Apexification 


Apexification is the induction of a calcified 
barrier (or the creation of an artificial barrier) 
in an immature pulpless tooth with an open 
apex. It is different from apexogenesis in 
that in the latter, root development occurs 
by physiological process. 


In young permanent teeth with necrotic pulp 
and incompletely formed roots apexification 
is advantageous over the conventional root 
canal ‘reatment because: 


a. The apex isfurnel shaped with the apical 
part wider than coronal part. 


b. The canal walls are thir and fragile. 


c. Absolute drvress of the carnal is difficult 
to achieve. 


Objectives of apexification 


The main objective of apextficalion is to acnieve 
ac. apical stop forobturating material. This apical 
slop can be obtamed by: 


a. Inducing natural calcific barricr at the apex 
or short of apex. 

b. Forming an artificial barrier by placing a 
material at or near the apex. 

e. Inducing the natural root lengthening by 


stimulating the Hertwigz’s epithelial root 
soeath. 


While the apexification procedure ts highly 
successful, the root of such a tooth is weak. 
Therefore, apextfication should be the 
treatment of last resort afler all attempts of 
vital pulp therapy have failed. Migs. (4,5) 


indications 
l. Non vital immature teeth. 


2. Failure of apexogenesis. 


Contratndications 


a. AI] vertical and most nonzontal root 
fractures. 


b. Yery short roots. 


Before the introduction of the upexilication 
technique the open apices were surgically treated. 
The disadvantages of the surgical method of 
treatment are mechanical and physiological: 


A- Mechanical: 


|. Difficulty in achieving apical closure due 
to the thin [ragile apival dentin walls, 


2. Poor crown/root ratio, 


I} Psychological: As most of the patients who 
need this treatment arc children, surgical 
approach can cause psychologic trauma. 


Diagnosis 


Unless a frank exposure of the pulp chamber 
exists, diagnosis of pulp necrosis in a tooth with 
incompletely formed apex is sometimes difficult. 





SSS \, 


Apexification 


Open Apex, 
Thin Walls 


Closed Apex, 
Thin Walls 


Pie. 5. A radiographie piclure showing anterior immature 


parmanent tezth 


l. History taking: most cases are dus to trauma. 


2. Radiographic examination: is complicated 
because of the normal radiolucency at the 
apex of maturing reots. Comparison witn 


the contralateral tocth is indicated. 
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3. Vitality tests: teeth with incompletely 
formed roots will net give reliable reading 
with electric pulp tester. Thermal tesis are 
more reliable. 


4, Type of pain: spontaneous pain denotes 
pulpal involvement. 


5. Percussion sensitivity,monility and tooth 


discoloration snould he considered tn 


diagnosis. 


In traumatized teeth without pulpal exposure 
conclusive evidence and diagnosis of pulp 
necrosis Should be made before opening the 
tooll for apexificalion. 


Materials used for apextfication 


Many materials have been reported to 
successfully stimulate apexification: 


* Ca(OH): It can be uscd alone (mixed 
with saline, distilled water or ancsthctic 
solution) or in combination with other drugs 
like: Camphorated paramonochlorophenol 
CMCP (antimicrobial activity will continue 
to clean the canal and high pH encourage 
calcific roct end closure), 


* MTA (Mineral Trioxide Aggregate) 


* Other materials: Calcium phosphate (tri- 
calcium phosphate TCP, hydroxyappatite 
HA), zinc oxide paste, collagen calcium 
phosphate gel in which tne gel appears to 
function as an absorbable matrix to support 
apical hard lissue growth. 


Technique 


l. Anesthetize the tocth and isolate it with the 
rubber dam. 


be 


Prepare the acecss opening larger tnan 
normal to facilitate removal of all necrotic 
tissue. 


3. Remove all remnants of necrotic pulp 
from the canal and irrigate it with sodium 
hypochlorite. 


4. Establish the working length of the canal. 
Tne final working length should be adjusted 
2 mm short of the radiographic apex. 


5. Complete cleaning and debridement of the 
canal, irigate and ‘nen dry the canal. The 
main reason For mMomechanical preparation 
Is dehridemen’ and not snapme of the canal. 
l$ecause the canal is already very wide, care 
should be taken not to further thin down tne 
fragile dentinal walls. 


6. When tne tooth is free of signs and 
symptoms of infection, dry the canal and fill 
i wih a thick mix of Ca(QOH)2 . The paste 
can be carried to the canal wilh an amalgam 
carrier, lentulo spiral, disposable syringe or 
an endodontic pressure syringe. It is then 
gently packed to the apex witn plugeers., 


7. Cneck radiographically that the whole canal 
is packed with Ca(OH)2 paste. 


&. Seal the acecss opening with a permanent 
Alling material. 


Periodic recall jfoliow up, 


The usual Gime required for apical closure to 
occure is 6-24 months. The patient is recalled 
al 3 months intervals to momlor apical closure. 
Evidence of apical closure should be checked 
radiographically as well as clinically. Clinical 
verification is made when a small instrument 
fails to penetrate through the apex after removal 
of Ca(OH 2 paste. If apexitication is incomplete, 
the canal is repacked with Ca(OH)? and periodie 
recall continued. 


Odtnerarion 


Ohfurationin such teeth using lateral condensation 
= not advocated hecausc the lateral pressure 





























durmg compaction of guttapercha may fracture. 
the teeth. In such teeth, customized guttapercha 
poimt has to be used. Thermoplasticized 
enttapercha technique is preferred in order in 
Improve adaptation in irregular and diverging 
canals. 


Restoration 


Stnce, toe dentinal walls are weak m such cases; 
restoration slould be designed to strengthen the 
tooth. Tostrengthen the root, ecttapercha should 
be removed below the alveolar crest, the dentin 
is acid etched and composite resin is applied. 
Placement of posts in such cases should be 
avoided. 


Histology of apexi fication 


Histologie studics of teeth with immature 


apices reported the absence of Hortwie's 
epithelial root sheath, so normal root formation 
usually does not occur after apexification. The 
adjacent conneetive tissue cells dittercntiatc 
into specialized celis and deposit calcified tissue 
adjacent to the filling material and continucus 
with the lateral tooth surface. The calcified 
material that forns over the apical foramen Las 
been histologically identified as ostecid (bone 


ike) or cementoid (cementum like) material. 


Apical barrier technique 


Recently an artificial root end barrier technique. 
at a single visit usme MTA has been advocated. 
MTA ts packed into the canal with pluggers, 
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so creating an immediate sealing and a 
biocompatible barrier against which the filling 


material can be packed. 


To place MTA in the canal tsola‘e the tooth, 
mix MTA and compact it to the apex of the 
tocth creating a 3mm thickness plug. Take a 
radiograph io confirm its placernent. Since MTA 
needs moisture Cor setting, the cavity is sealed 
with mois? cotton pellet. Alter 48 Lours, confirm 
the final set of MTA, and ob‘urate the rematning 
canal using gutta percha. Fig. (6) 


Revaseularization 


It is a technique where non vital wimature teeth 
are encouraged to grow new pulps and complete 
root formation (leng‘n and wall thickness). 


Revascularization protocol: 


The canal is disinfected with copious trigation 
with 5.25% NaOcl, dried and medicated with 
freshly mixed paste of ciprofloxacin and metro- 
nidazole and sealed. 


After l-2 weeks, the canal is opened, irrigated 
and overtnstrunented fo create bleeding up to 
the cervical level. 


The blood clot is overlaid witn MTA and com 
posite and forms scaffold for tnvasion by SCAP 
(stem cells of apical papilla) cells. 


Pulp regeneration will allow continued row’ for- 
mation in previously pulpless tooth. 





[ia.é. A vadiagrapnic picture show one MTA pine 
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Blood clot scaffold 


invaded by cells Regenerated 
and growth | Root 


factors Regenerated 
Pulp 


Penapica| area 


MITA 


Lines a a 


permanent 
coronal 
restoration 


h 


A. Immature B. Stimulating C. Blood U. Sealing the tooth E. Root 
tooth with bleed ng by flows in by placing a pulp formation 


necrotic pulp  overinstrumentation CaNal to form space barrier and 
blood clot permanent coronal 
restoration 





Fig.7. Revascularization protocol after 1-2 weeks of antibioliz medication 
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CHAPTER REVIEW Q UFESTIONS 


Define vital pulp therapy and discuss the importance of retaining the young and permanent teeth 
in healthy condition inthe dental arch 


2. Mention the factors affecting the outcome othe vital pulp therapy 

5 Calum hydroxide is considered a pulp capping material. Discuss its made of action and 
drawbacks. 

4 Describe the indications and contraindications of polpotomy in young permanant teeth. 

5 Discuss the different treatment plans of a necrotic immature anterior tooth. 
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After reaching this chapter, 
the student should be able to 


Application 
of Therapeutics In 


Endodontics 


TECHNICAL & CLINICAL ENDODONTICS 





Postgraduate students should be able to 


1. Critcize aarcotic vs. non-narcotic analgesics, 
2, Assess different drugs used for control of anxicty. 


3. Compare diflerect types of oeni cillin with ditlerect types 
af bread-spect-um senici lin. 


4. Selectthe prope’ antibiotic accarding to patiert’s illness 
ard body condition. 


5. Assess macharisms of action of antibiotics and forme al 
3acte a resistance to antibistics., 
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CATEGORIES 
Antiary ely 
Analgesics 
Arhhioics 

THE CHALLENGE 


Diftererttiatio’a of médica condit ons and their therapeutic 
t‘eatment, 


C assificat on of medical cases and ist of the drugs spaci ed for 
treatment of each case. 


Management of anxiety, pain and infection 


Drug actions and interactions and adverse effect. 
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( ap req Jiring tnerapeutic treatment in 
endodontics are: 


ANXIETY 

PAIN 

INFECTION 

ANXIETY is treated by PHARMACOSEDATIONS 
PAIN ts treated by ANALGESICS 

INFECTION is treated by ANTIBIOTICS 


ANXIETY 
ANXIETY is defined as TRUE FEAR 
TREATMENT: 
1. Benzodtazepines. 
A Scdative — hypnotics. 
3,  Antinistaminics. 


BENZODIAZEPINES 
- Diazepam (Valium). 
Chlordiazepoxide (Libriam). 
Oxuzepam (Serax). 
Lorazepam (Ativan). 
- - Flurovepam (Dalman). 


DIAZEPAM (VALIUM) 
Pharmacologic cffccts: 

lL. Antiansaely, 

a Anficonyulsant. 

3, Sedative — hypnotics, 

4 Skeletal muscle relaxant. 

5. Ammnesic. 
Well absorbed from G.I. tract. 
Administration: oral 1.¥V- 1M. 
Adult oral dose: 2-10 me. 


Adverse effects: 
Drowsin 2s 3. 
Ataxia. 

Motor impairments. 
CNS depression, 
- Dizrincas, 
- Drug dependence. 
C'antramndications: 
- Allergy. 
- Glaucoma, 
First trimester of pregnancy. 


SEDATIVES —TYPNOTICS 
| - BARBITURATES 
2- NON-BARBITURATES 








SEDATION means CALMING 
HYPNOSIS means SLEEPING 


BARBITURATES 
- Pentobarbital (Nembutal). 
-  Secoharhital (Sceonal). 
Phenobarbital (Luminal). 
Metnohexita! (Brevital). 


Adminstration: Ora! — Rectal — 1Y —1M 
Adult dose: 100 — 200 mg 


Barbiturates are dose-dependent. 
Be eins with Sedation then Hypnosis, Anaestnesta 
and then Deall (respiratory depression) 
Adverse effects: 

- Psychological dependence. 

- Physical dependence, 

- Fall m heart rale. 

- Fall in blood pressure. 

- Respiratory depression. 


Contraind trations: 
- Allergy. 
- Respiratory distress. 
- Liver damage, 


NON BARBITURATES 
Drugs tnat are not chemically related to barbiturates 
and possess sedative — nypnotic properties, 


Differ from barbiturates m two aspects: 
l. Less potent. 
2, Not cross-allergenic with barbiturates. 


Possess the same adverse effects as barbiturates. 
ANTIHISTAMINES 

- Benadryl. 

-  Phenergan., 

- Atarax. 

- Avil. 

-  Analerg 


Administration: oral — IM —IV. 


Adverse effects: 
- Dizziness. 
Drowsiness, 
- Motor coordination, 
- Blurred yvision. 
- CNS depression. 


NITROUS OXIDE-OXYGEN 
PHARMACOSEDATION, 

Colourless inorganic zas compressed into liquid. 
Non-irritating to mucosa. 

Sweet odour. 

Rapid onset of action ( 3-5 min). 

Rapid recovery. 

Fase of administration. 

Small traces may be detected in the operating room. 


Subjective symptoms: 

-  Buphoria 

- Dreaming. 

- Drowsiness. 

- Mental and physical relaxation. 

- Indifference to surroundings and 
passage of time. 

-  Lessened pain awareness. 

- Feelings of warmth. 

- Tingling sensation in the extremities 
(fingers, tongue & lips) 

-  Heaviness of chest. 

- Distortion of sounds (seem distant). 


Adverse effects: 
- Nausea. 
- Vomiting. 
- Perspiration. 
- Behavioral alterations. 


Contraindications: 
History of psychosis. 
Migraine. 
Headache. 


Prolonged drug abuse (neurologic damaze), 


ANALGESICS 
Drugs having the ability to raise ‘he pain 
threshold at a subcortical level. 


NON NARCOTICS 

NARCOTICS 

NON-NARCOTIC ANALGESICS 

«e Non steroidal = anti-inhammatory 
agents NS ATAs or NSAIDs. 

« Antipyretic analgesics. 
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Prostaglandins 


Prostaglandins (PGs) are responsible for the in- 
flammatory process with ils signs and symiplorms. 
The cyclooxygenase enzyme systems (COX) 
produce prostaglandins. The cyclooxygenase 
(COX) enzyme systems are mainly present in 


the form of COX-1 and COX-?. 


COX-1l inhibitors produce gastro-intestinal 
irritation and ulceration. COX-2 inhibitors 
produce cardio-vascular problems. Therefore, 
for safety, manage pain with non-COX-2 
selective drugs whenever possible. 


NON-NARCOPPIC AW ALGESICS 
1. Non-steroidal anti-inflammatory agents 
(NSATAS) 
Group of drugs: 
« Differing in chemical structure 
e Sharing pharmacologic and toxic properties. 


Pharmacologic properties of NSAIDs. 
© Analgesic. 
e Antipyretic. 
¢ Anti-inflammatory. 
* Anqd-rheumatic. 


Toxic properties of NSAIDs. 
© Allergy. 
* OL crritation. 
* Bleeding. 
e Liver damage. 


ASPIRIN 
(Acetyl salicylic acid) 
Mode ol aclion ; 
l. Hypothalamus. 
2. Peripheral vasodilatation. 
Aspirm works on hypothalamus decreasing 
synthesis of prostaglandin and hence decreas- 
ing its pain sensitizing effec’ and inflammatory 
effect, which possess pain sensitizing effect 
and :nflamunatury effect, 
Well absorbed fromtae upper part of small intestine. 
Metabolized in the liver, 
Food slows Us rate of absorption but not its effect, 
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ASPIRIN IS AN: 
Analgesic - Antipyretic — Antiinflammatory — 
Antirheumatic — Keratolytic, 


Adverse effects: 

Gil. irritation. 

Allergy. 

Bleeding (decrease platelets azglutination). 
Analgesic nephropatny (renal endothe- 
hal damage). 

Liver toxicily (liver damage). 

Aspirin intolerance. 

Salc ylis Giloxtealion). 

Teratogenic effect. 

Drug teractions. 


OO TN 


Aspirin intolerance syndrome: 
Urticaria Angioedema 
severe rhinitis — Shock. 
Occur within 3 hours. 
naliecylism (intoxication): 
Headache — Dizziness — Tinnitus - Drowsiness - 
Nausca — Yomiting. 


Bronchospasm - 


Teratozenic effect: 
Prolongs pregnancy and labour. 
- Decreases birth weight. 
FDA warning against the use of 
ASPIRIN in the 3" trimester. 


Drug interaction: 

- ASPIRIN given with NSAIDs causes 
severe blecding and ulceration. 

- ASPIRIN given with coruivosteroids 
potentiates gastro-intestinal uleeration. 

- ASPIRIN inhibils vitamin C action. 

- ASPIRIN given to alcoholics produces 
gastric hemorrnage. 
ASPIRIN potentiates penicillin action. 


Contraindications: 
- Allergy. 
Peptic ulcer. 
Bleeding tendency. 
Renal failurs. 
Asthma. 
Systemic lupus erythematosis., 


[Ibuprofen (Motrin, Advil) 
Analgesic — Antipyretic — Antiunflammatory — 
Anuirheumatie. 


Well absorbed when taken orally, 
Food delaysrate but not total amount absorbed, 
Exercted via kidneys as metabolites. 
Adverse ellevis: 
- GI. irritation (only half as common as 
with aspirini. 
- Eptgastnic pain. 
- Anorexia. 
- Nausca. 
-  Yomiting. 
- |} z7 Ness. 
- Vertizo. 
- Headacne. 
Contraindications: 
- Allergy. 
- Peptic ulcers. 


Dexketoprofen (Dextrafast) 

An isomer of ketoprofen with sunilar effect, but 
with nalf dose only. Rapid onset of action and 
greater analgesic efficacy in the first nour. 50% 
reduction in dosage and hence reduces renal 
load. 

Dose; 23me2/ $ hours. 


Diflunisal (Dolobid): 
Derivative of Salicylic acid and possesses 
the same pharmacologic and toxicologic 
properties of NSATAs. 
Long-term duration of action (8-12 hours), 
however it has a slow onset of action (3 hours). 
Contraindicated in paticnts with aspirin 
intolerance. 
Piroxicam ileldene): 
Bslongs to the group of Oxicams. Food 
slightly delays the rate but not the extent of 
absorption. Administration could be oral-rectal 
or intramuscular. 
Adult dose: 1Omeg/12 hours or 20 mg/24 hours. 


Long acting & relatively stable 
Uan be taken m a single daily dose. 
Non SELECTIVE COX 
Diclofenac (Voltarcn- Cataflam- Diclac- 
Arthrofast): 

Well absorbed orally. Can also betaken parenterally. 
The same effects, adverse effects and indizations 
like the rest of NSAIDs. 

Dose 50-100 myz/Shours. 
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Relatively COX-2 SELECTIVE 
Chemical structure penzcncsulfonamide. 


Eliminated mainly trough Ine liver. Supplied in 
the form of oral capsules of 114)200me. 


Contraindicated to patients allergic to sulfon- 
amides and aspirin. 


This drug should not be prescribed to cardiac 
patients. 


Adult dose:200-400mo/day 
COX-2 SELECTIVE. 


2. Antipyretic analgesics acetaminophen 
Analgesic & antipyretic 
Introduced as an aspirin substitute, 


Marketed under more than 200 formulations 
The most known one 1s Tylenol 
- Docs not cause OL Irritation. 
- Does nol alfect platelet agurevalion. 
- Docs not affect prothrombin synthesis. 
- Karely causes allergy. 
Absorption in the small intestine. 
Pood decreases the rate but not total amount 
absorbed. 
Detoxified in the liver. 


Adverse effects; 

- Uruearia 

- Hypoelycacmia 

- Jaundice 

- {INS disturbance (stimulation 
depression), 

- The most serious effect is severe, fatal 
nepatic necrosis with nigh doses. 


Or 


Contraindications: 

- _Tmpaired hepatte Function, 

- Impaired renal function. 
Anaemic patiems. 

- (Chronic alcoholism. 


NARCOTIC ANALGESICS 
These drugs work on the narcotic receptors in 
the CNS, 


Nareotics may also be used to refer to Opium or 


Opiates 


MORPHINE: 
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Natural constituent of opium along with 
narcotine, papaverme & codeine. 


Well absorbed parenterally -but poorly absorbed 
orally. 

Adult dose is 5-20. 

Morphine is the drug of choice for severe pain 
Postoperative pain, traumatic pain, accidental 
pain and neoplastic pain. 


Effects Acadverse cffects: 
l- Analgesia 
2- Sedation 

3 —Euphoria 

d- Dys phoria 

5- Emesis 

6 Constipation 

J- Miosis 

8- Nausca 

9- Vomiting 

10- Dizziness 

11- Drowsiness 

12- Tennitus 

13- Narcosis 

14- Convulsions 

13 Headache 

16 Histamine release 
l4- Respiratory depression 
14- Cough suppression 
19- Mood alteration 
20- Mental clouding 
21- Deliri sm 
22- Insomnia 

23 Sweating 

24 Flusning 

25- Hypotension 
26- Allergy 

27- Elallucination 

2#- Coma 
29- Psyche dependence 
30- Physical dependence 
31- Tolerance 

32- Asthma 
33- Respiratory depression 
34 rculatory depression 
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APPLICATION OF THERAPEUTICS IN ENDODONTICS 


Contraindivalions: 

- Head injury 

-  Inereased milracramal pressure 
-  Astnmaltics 

- Allergy 


Methadone: 

Well absorbed both orally and parenterally (IM 
or subcutaneously). 

Adult dose 2.5-lO0mg IM SC orally. 

Effects, indications and contramdications are 
comparable to morphine. 

Contraindicated under the age of 18 years. 

Well absorbed both oral and parenteral. 
Metabolized in the liver, 

Adult dose 50-100 mg. 

Possesses atropine like effects and, hence, contra 
indicated with glaucoma and prostatic patients. 


Effects, adverse effects and contraindications are 
simular to morphine. 


HYDROMOR PHONE (Dilaudid): 

Synthetic derivative of morphine. 

6 limes more polent (han morphine, 

Adult dose 2mg oral or parenteral. 
Pharmacologie effects and adverse effects are 
similar to morphine. 


CODEINE: 

Commercially synthesized from morphine. 
Pharmacologic effects are qualitatively simular 
but quantitatively less than morphine. 

Well absorbed both orally and parenterally. 
Drug of choice for couch suppression. 

Adult dose 13-60 mg. 


TRAMADOL 

Used for short lasting as well as chronic pain. 
Oral — parenteral. IV. 100mg Tramadol = 10mg 
morphine. 


ANTIBIOTICS 


Antibiotics are indicated for. 

Treatment and prevention. 

Mechanisms of bactcrial resistance to antibiotics: 
Drug tolerance or drag destruction 

Forms of bacterial resistance to antibiotics are: 


- Presence of an outer puospholipid cover- 
ine prevents access of antibiotics to their 
sie of action within the METOT gANisIN. 

- Deposition of a protein protective layer 
Lo the cell wall, 

- Alteration in the enzymatic target sites 
Cor antibiotics. 


Resistance lo antibiotics is achieved by one of 
three approacnes: 
Ll. Natural (mutalonal:  spontancous, 
random mutation of bacterial genes 
independent of contac’ to antibiotics. 


2. Acquired: oceurs m presence of contact 
wit anuibiolics, 
3. Transferred (infectious): = cnnterring 


resistance from an antibtotie-re sistant 
bacterium to an antiblotic-sensitivc Dac- 
terium. 


Mechanisms of action of antibiotics: 
- Suppression of bacterial prote:n synthesis. 
- Inhibition of cell wall formation and 
possible induction of autolysis. 


Steps of prophylactic use of antibiotics: 


l- Diagnose the disease and type of 
Microorganism. 

2- Cnoose tne specific antibiotic against 
this orzaninm. 

3- Select the proper dose. 

4- Begin antibiotic administration | to 2 
nours prior to procedure. 

Extend duration of drug administration 


to tne proper period. 


General antibiotics toxic and allergic effects: 
1, Direct toxicity. 
2 Allergy. 
4. Biologic and metabolic alteration tn the 
host. 
- Pemicillins and cephalosporins: free from 
direct toxicity. 
Yet tney are highly antigenic (allergenic). 
- Erythromycin have Direct toxicity. 
Yel il 1s extremely low allerwenic. 
Tetracyclines have dircet toxicity (liver 
damage —(ooth discoluraiion). 
However they are moderately allergene. 
- Buaeitracin and pulymixin B have direct 
toxicity (scvere renal damage). 
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ANTIBIOTIC AGENTS 

PENICILLINS 

A gencric term for closely- related antibiotics 
that differ in: 


1. Antibacterial spectrum. 
2, Resistance to gastric acid. 
3, Destruction by beta-lactamase (penicil- 


linase) enzyme. 


Classification: 
l- Natural (penicillin G). 
2-  Semi-synthetic (penicillins Y). 


PENICILLIN tr 
The only completely natural penicillin used 
clinically. 


Spectrum: 

Generally effective against: Gram +ve and 
eram -Ye COCCI. 

Most anacrobie organisms. 


Organism resistant: 

Most (im —ve bacilli. 

Enterococci. 

Staphylococci of community and hospital 
variety. 


When orally administered 2/3rds or 3/4" are 
destroyed in the stomach. 

Actively secreted by tne kidneys. 

Adverse reactions: 

Penicillin is the most commonly allergenic of all 
drugs. 

Allerzgenic reaction to penicillin can be classified 
into: 


l. immediate (iltin 20 munules) charader- 
ized hy urticaria and anaphylactic shock. 
F Accelerated (2 to 48 hours): urticaria, 


fever and laryngeal nedema. 

3, Late (3days and longer): urticaria,serum 
sickness, artharlgia, anemia, purpura 
and ervtnema multiform. 

Penicillins arc cross allergenic 


PENICILIN ¥ 

Semisynthetic penicillin. 

simillar to penicillin £i. 

Stable and resistant to gastric acid. 
Approximately 634% of the drug absorbed wnen 
taken orally. 
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Broad-spectrum penicillins 





Ampicillin - Amoxycillin 

* Borh have simular antibacterial spectrum. 

e Amoxycillinis ahsorbed better & produces 
less diarrhea. 

« Bactericidal against many Gm +ve and Gm 
—ve acrobic and anaerobic bacteria. 

e Some of themare mixed with antipenicillinase 
or anticephalosporinase enzyme such as: 

se Augmentin (amoxycillin + clavulanic acid) 

* AUGMENTIN 

» (Amoxycillin+ clavulanic acid) 
Amoxycillin effective against 
Gom¢+ve aerobes and anaerobes 
Com-ve acrobes and anaerobes 


Clavulanic acid is effective 
B-lactamasc. 


Adult dose: tablets 300-LO000me/12 hours. 
syrup & IM. injection are also available. 


against 


LNASYN(Sultamucillin) 
Ampicillin + Sulbactam (B-lactam innibitor) 
Sularmivillin. 
Exureled unchanged in the urine. 
Aduli doss; tablels 375-750mg / 12 nours. 
Suspension 250mg (one teaspoonful) #12 hours. 


CEPHALOSPORINS 
Broad spectrum group. 
Classificd as 1% - 2" — 3m — 4!" sencrations 
Sensitive to beta-lactamase enzymes such as 
Cephalosporinase. 
spectrom: 
Streptococcus and staphylococcus organisms. 
Most anaerobic species, 
Gm +ve are more sensitive than Gm —ve. 
Administration: 
Oral: Cephalexin (Kellex). 
Cefaclor (Ccelor}. 
Cefadroxil, 
Oral and parenteral — Cephradine (Velosef). 
Most of Cephalosporins arc cxercted unchanged 
by the kidney within 6 nours. 
Adult dose 250-500mg; 6 to 8 hours. 
Children 125mg syrup. 


352 


WEF eT RS ee OT Ae ee GT eS T5 ESE et Ts 


Adverse effects: 

Cros alleryy between penicillins and 
cephalosporins being closcly related chemically. 
Skin rash —fever—serum sickness — eoxinophilia. 


ERYTHROMYCIN 

Fither bactericidal or bavierivsiaie depending 
on microorganism and concentration. 
Destroyed by gastric acid and, hence, it 1s 
enterie-coated. 

Deloxified in liver and hence it is sale in case of 
impaired renal function. 

Spectrum 

Streptococcusand some forms of staphylococe us. 
Not effective against most Gm -ve aerobic bacilli. 
Administration: 

Oral, 

Adult dose 250 — 500 mz/ 6to8 hours. 

Could be increased up to 4em /day, according to 
the severity of infection. 

Adverse ctfeets: 

Mostly related to (Ciltract such as nausca, 
vomiting, diarrhea, epigastric pain. 

High, long doses cause transient deafness. 
Allergy is extremely rare. 


CLINDAMYCIN & LINCOMYCIN 
Clindam -Lincocin - Dalacin - Cleocin 
Antipactcraim spectrum is similar to 
erythromycin. 
However, clindamycin has greater effect 
against anaerobes than erythromycin. 
Administration : 
Well absorbed orally. 
Food does not decrease absorption. 
Adult dose 150 300mg / 6 8 hours. 
Adverse effects: 
Nausea, vomiting, diarrhea, abdominal pain, 
urticaria, skin rash. 
Major adverse effect is pseudomembranous 
colitis (fatal), 
Pseudomembrane consists of fibrin, mucous, 
inflammatory cells, and 
epithelial debris causing necrotizing inflam- 
mation of the bow], This membrane covering 


the mucosa peels off causing bleeding and 
death. 


TETRACYCLINES 
Availanility: 


Tetracycline (Achromycin). 


2. Onxyleiracyeline (Terramycin). 

3. Chlortetracyeline (Aureomycin). 

4, Demeclocyeline (Declomycim). 

5, Doxycycline (Vibramycin). 

6. Methacycline (Rondamycin). 

7. Minocycline (Minocin, Vectrin) 
Speelr sie: 

Bacterlostatic to gm+ve and gm-ye. 

staphylococcus and streptococcus bacteria. 


Neisseria, Actmomyces and Shigella. 


Administration: 


Orally, however they are incompletely absorbed 
from the GI tract. 


Excreted in the bile, feaces and urine. 


Adult dose | to 2? gny day divided into 2 to 4 doses. 


Usually 250 to 300 mg. 

Adverse effects: 

The most directly toxic antibiotic. 
Moderately allergenic, 


vomiting, renal 
manifested as 


Fpigastric pain, nausca, 
impairment, liver damage 
jagndice, acidosis and shock. 


Staining of the developing dentition. 
Contraindications; 

Allergy 

Liver damage 

Renal failure 


Tetracyclines are rarely the drug of choice for 
facial and dental infections. 
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METRONIDAZOLE(FLAGYL) Adverse effects: 


Baclericidal against obligate anaerobio Nausea, headache, metallic taste and xerostumua. 


microorganisms particularly bacteroides species. Asaresultof its effect on DNA synthesis concerns 


Rapidly and completcly absorhed trom the Gl. have been raised regarding its mutagenic, 
tract, teratogenic and carcinogenic potentials. 


Therefore, we zot to use it cautiously and avoid 
prescribing it for a long-term treatment. 


Adult dose; 250-500me /G to 8 hours. 


Administration: 
Orally, rectally and ['V.Injection. 


Detoxitied in hyer and excreted in urine. 





CHAPTER REVIEW Ou ESTIONS 


l. Compare aspirin with acetaminophen 

2. Discuss bacterial resistance to antibiotics. 

ae Discuss nitraas oxide-oxygen pharmacosedation. 
d. Compare penicillins with cephalosporins. 

a Describe allergenic reactions to penicillin. 
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Unique considerations 

Case Selection 

AZ SIs 

selection of treatment 
Ireatment of existing disease 


=revention of dicea. 


After reading this chapter, 
the student should he able to 


Retreatment techniques 


Access removal of roal canal oaluralion materials 


Describe differences between re- and obstructions 


treatment and initial treatment. Morphological alle-atio 15 
Identify restrictive clinical condi- 1 Res stam infection 

tions. 
short lerm and long term trealment outcome 
State indications for retreatment. 

Describe nonsurgical treatment | 

techniques. | 


Discuss considerations for case 
selection. 
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NON SURGICAL ENDODONTIC SETREATMENT 


osi-lrealinent disease assorlaled with 
apical periodontitis is seen in more than 
40 of ropt canal treated teeth. 


It is primarily caused by infection of the root 
canal system. Microorganisms may ener have 
survived previous treatment or invaded the filled 
canal space after treatment, mainly because of 
coronal Icakage. 


Less often, specific microorganisms may 
have established in the perwadicular tissue; such 
as actinomyces. 


The affected teetn can either be treated by 
nonsurgical redrealment (orihograde) or apical 
sargery (retrograde) or tooth extraction. 


UNIQUE CONSIDERATIONS 
Non surgical retreatment holds unique 


considerations that distinguish it from initial root 
canal treatment. 


L. An extensive restoration may have to be 
removed, 


I) 


Technical challenge from previous treatment 
may be presented as morphologic alteration 
in the form of perforation or ledge or canal 
obstructions by separated instruments. 


3. Root filling must be removed from the 
canals. 


4. Healing rate is generally slower than tnat 
of initial treatment because of the greater 
difficulty in eliminating resistant infection; 
E. faecalis, candida albicans 


CASE SELECTION 


Retreatment is usually performed to treat 
existing disease, presenting with definitive signs 
and syiuploms. However, even in (he absence of 
disease ,relreatmen! may be indicated lo preven 
future emergence of disease. 


DIAGNOSIS 


The presence or absence of perwadicular 
disease 1s determined according to clinical and 
radiograpnic findings. Differential diagnosis of 
nonendodontic disease is also considered, 














Case history includes examination of 
previous radiographs, notine past symptoms, 
time elapsed since previous treatment (to avoid 
premature diagnosis of post-treatment disease), 
and previous attempts to retreat or perform 


apical surgery imay suggest vertical fracture). 
SELECTION OF TREATMENT 
TREATMENT OF EXISTING DISEASE 


Comparing the two treatment modalities, 
nonsurgical retreatment offers Zreater benefit 
and smaller risk compared to apical surgery. It 
provides minimal invasion, and a lesser chance 
of injuring nerves, and sinuses. However, 
nonsurgical retreatment is not always possible, 
and the benefit-risk balance may not justify the 
preference of retreatment over surgery. 


Considerations governing case selection in the 
management of post-treatment disease: 


i- Patient considerations. Patients’ attitudes to 
dental disease and necessity to be treated 
differ, Moreover, monvarfon to retain every 
tooth and pursue the best foug-fern outcome 
may vary, as do ability to allocate, sre, and 
fnance. 


2- Tooih considerations: When the patient 


indicates preference for retreatment, 
the tooth and surrounding structures are 
evaluated to identify clinical conditions that 


may adversciy affect the prognosis. 


® Sie of infection. Root canal infection is best 
eliminated by retreatment. Extraradicuiar 
infection which is independent of root canal 
flora is best eliminated by apical surgery. 
While vertical root fracture (as indicated by 
isolated, narrow defeet along tne root) can 
nol be eliminated with cilher procedure. 


* Roet canai obstacles: ‘To eliminate root 
canal infection during retreatment, the canal 
Must be renegotiated throughout, Obstacles 
to total renegotiation, such as calcifications, 
icdgcs, separated instruments, reduce the 
potential benefits of retreatment. Sometimes 


attempts to overcome obstacles increase 
the risk of procedural complications as roct 
perforation. Thus, the beneat- risk balance 
may change in favor to surgery. 


© She of perforation: Perlorauon of the pulp 
chamber or rool canal van be a paway of 
infection and worsen prognosis. Therefore, 
Telrealment in conjugation wili Internal 
repair of the perforation is mandatory. When 
healing is not expected to occur external 
surgical repair of perforation may be 
required, 


e estorettve aud periodontal factars: ‘Voeth 
considered having hopeless prognosis for 
elther restoration or periodontal healing 
should be extracted. With com pronused 
periodontal support, surgcry may result in 
unfavorable crown-root ratio, retreatment is 
selected. 


3- Cfintetan consideration: clinicians vary 
in their capability, availability of special 
armamemarium needed during retreatment, 
and the time that can be spent 1 retreatment. 
Endodontists arc usually morc capable, 
equipped to treat post treatment disease than 
general denlisl. 


4- Previous treatment attempts: If a previous 
retreatment or apical surgery procedure 
did nat resull in healing, the quality of ihe 
procedure should be evaluated. If the initial 
case selection was appropriate and the 
quality can be significantly improved, the 
same procedure is repealed, Otherwise the 
altemative i attempted when may better 
address the site of infection. 


PREVENTION OF DISEASE 


The emergence of post-treatment discase 
appears to be higher when both root filling 
and coronal seal are suspected, while a new 
restoration (post and crown and bridge) 1s 
needed. In these cases, retreatment 1s indicated 
because Il obers the benelit of preventing pusl- 
treatment disease. 
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RETREATMENT TECHNIQUES 


To perform retreatment, obstructions must 
be removed to fully renegotiate tne canal. These 
include the coronal restoration, post and core 
and root filling materials. Sometimes, separated 
inslrumenls and morphological alterations as 
well as resistant inflection may have to be deall 
with. 


I: Access 
Crowns 


The crown may be retrained if satisfactory, 
relreatment can be performed through = the 
crown, rubber dam isolation and temporization 
are facilitated, function and esthetics are 
maintained, and additional cost of replacement 
is avoided. Access is prepared through the crown 


and repaired later. 
OR 


The crowns are removed if visibility is 
obscured and iferown margins are poorly adapted 
predisposing to leakage. Also, with (he crown in 
place, (he risk of irreparable errors during acess 
is Increased. For selected cases, the crown may 
be removed intact and reased later, 


Post and core 
Weaketig Post retention: 


The core is drilled away; leaving just the 
post exposed from the canal. The cement 1s tnen 
broken with ultrasonic vibration on the post tor 
ID-20D min to loosen the post. Pointed tps arc 
used to ultrasonically trough around the post, 
Fig. (1). 


Past exrraction by special devices 


If the post can not be loosened by vibration, 
pos! removal system (PRS) can be used, wiere 
(he post is bored with a Wephine bur, firmly 
engaged with a matching size extractor. Special 
pliers are applied to the extractor asme the tooth 
asa fulcrum. 
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ultrasonic instruments 
Fig l. Ultrasonic tips 


2: Removal of root canal obturation materials 
and obstructions: 


Canal patency is regained by eliminating 
the root filling and occasionally separated 
instruments. To be successful, this procedure 
requires a straight line access. Previous access 
is evaluated; often it must be extended before 
elimination of root canal content, 


Gulle-percit 


Gutta-percha is removed with rotary 
instruments and hand files. Solvents are used 
selectively, 


e Rotary mvirwments: In the coronal portion 
of [ne canal, Gates Glidden burs are used. 
They form reservoir for the solvent G0 used) 
and improves access. Further apically mekel 
(anim retreatment retary files or hand 
Instruments can be used. 


* Sofvents: solvents soften gutta-percha and 
help prevent canal transportation. lnercfore, 
it is uscd specihcally for dense root fillings 
and in retreatment of curved canals. However, 
when gutta-porcha cones arc poorly condensed 
or ayvcrextendcd, solvent 1% avoided. jutta- 
percha, and sealers arc soluble to varying 
degrees in chloroform, halothane, benzene, 

rectified 

Chloroform is the most effective but because 

of its toxicity, if must be used cautiously. 


xylene, and white turpentine. 


Chloroform, 1f used, is dipped directly mto 
the canal orifec, avoiding excessive Honding 
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of the chamber. The operating team wears 
protective masks, and tne patient’s nose is 
covered with the rubber dam. Potential safer 
solvents include essential oils as eucalyptol 
and orange peel pil. 


¢ Hand files: Areamer or file is used to negoti- 
ate a pathway along tne root filling. H file of 
sinular size is then carefully screwed into the 
filling mass and pulled back. The procedure of 
negotiation with K files and engagmg with H 
files is repeated with larger sizes, often retriev- 
ing all (he eulla-percha cones. Wili overex- 
Lended cones, Le file may have lo be exlended 
apically (o avoid separation of ihe cones al the 
apical foramen. Overextended cones may sep- 
arale al lne apex and can nol be relrieved., 


Pastes and cements 


* Sof-setting pastes: They may be penetrated 
by files using a crown down sequence, 


* Hard setting cements: They snould be 
initially exposed to solvents, if softened 
the cement 1s managed like the soft-setting 
paste. If not, the cement is broken down with 
ultrasonic vibration using special pointed 
tips. To prevent perforation, the procedure 
is frequently monitored with radiographs or 
operating microscope. As a last resort the 
cement is drilled out with long-shank, small 
round burs (Mueller burs). 


Metallic ubjecty 


Metallic obiccts may often be retrieved or 
bypassed. Accessibility is more restricted from 
orthee level apically particularly in curved 
canals. bypass is most feasible in oval canals. 


« Silver points 


H the sthver pupu w elendig ite the party 
chamber, ultrasonic bration Crees silver poin 
from cement, to be removed wilh Sleiwlilz pliers. 


By pass: the canal is first flared with Gates 
Glidden bur, hand files witn a lubricant or solvent 
to create a path around the metallic object. H file 


is Inserted in the space, engages tne silver point 
and possibly pulls it out. If the object is bypassed 
but not retrieved, it will be enclosed in the root 
filing. The procedure may be complicated by 
additional file separation, perforation, or apical 
displacement of the object. Visualization 15 
optimized with tne operate microscope. 


Extraction from the canal with special 


devices using microtube removal option; 
extracting mechanism inclades end cutting 
trephines and extracting tubes with or without a 


locking mechanism. 


* The microtube tan-and-threaa option: he 
PRS contains small microtubular taps that 
allow the clinician to mechanically tap, 
thread, and cngage any ohstraction with 
0.4mm or greater. These microtubular taps 
comtan a reverse thread and cngage an 
ohstruction by turning m counterclockwise 


motion, Fig. (2). 


* The microtube mechanics option: A 
microtube is selected to be placed over the 
exposed coronalimost aspect of obstruction. 
H file is then passed down the length of the 
tube until it engaged tigntly between the 
obstruction and the mternal lumen of the 
microtube., Pulling both, hopefully removes 
the obstruction. 


© Seperuted instruments 


Ulirasonic vibration asine special ultrasonic 
tips (longer and smaller profiles) in anticlockwise 
direction around the mstrument to loosen, 
unwind and spin the separated instruments out 
of the canal. 


By pass. preflaring with Gates Glidden 
drills, nand files with a lubricant create a path 
around the imstrument, and the object is mcluded 
In the filling. 


Extraction from ihe canal on occasion, 
the clinician may cereale excellent coronal 
and radicular access, idenuly and expose the 
separated inslrument, and sUll uaable to loosen 
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a Treghine with Ultrasonics 
a Position the Mitrelube 
a Engage and Rentit 


Fig. 2. Microlule device fir posi aml separates) isl runes 
removal 


the instrument ow of the canal, A microtube 
device as Iastrument Removal System (IRS) can 
be used, to engage and potentially remove it 
mechanically. A trough is cut around the object 
with ultrasonic tips or trephines; matching 
extractor tube 1s applied, locked and witndrawn. 


requires 
considerable sacrifice of root dentin, it is tous 
sate only in large straight roots, 


Because extrachon procedure 


If the object 18 not bypassed or retrieved, 
only the accessible portion of the canal is re- 
treated. Prognosis is better wnen there 1s no root 
canal infection and penradicular disease. 


3: Morphological alteration 


For locating and nevolialing missed (extra) 
canals and management of blocks, ledges, 
apical canal transportations and endodontic 
perforations, see chapter of endodontic mishaps. 


4: Resistant infection after rengotiating the canal, 
treatment is complete. using routine procedures. 
However, elimination of root cana] infection 
is more challenging than in initial treatment, 
primarily because there may be therapy resistant 
Wucmvervanisms such as faecalis (Cacullauive 
anaerobes) Also mderooruanisis mmay persist 
wider residual rout filling patches which usually 
remain darma treatment. Finally canal surfaces 


may remain untox hed daring retreatment. 
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NON SURGICAL ENDODONTIC RETREATMENT 


The followme may thus be recommended For 


the management of post treatment disease: 


¢ A wide direct access, with canal enlargemen! 
beyond its previous size to reduce residues 
of hllme materials. Frequent irrigation 
with cffective disinfectant solutions such 
as sodium hypcoenlorite NaOCl 5.25% and 


chlorhexdine 2% . 


* Calczum hydroxide is used as intracanal 
medication for canal disinfection; therefore 


two or more Visits are required, 


SHORT-TERM AND LONG-TERM 
TREATMENT OUTCOMES 

fi the short term, relrealment wih exiscing 
post-treatment discase may be associated with 
postoperative discomfort, including pain and 
swelling. This is an additional reason why 
retreatment for existing disease should not be 
completed in onc visit. 


The dong term outcome of retreatment 
depends largely on the regaining canal patency. 
The probability of healing is higher woen Factors 
favililauinyg infection (untrealed or poorly lreated 
canals) are identihed and managed during 
retreatment, 


CHAPTER REVIEW QUESTIONS 


1. State the indications of retreatment. 


Fl 





Enumerate unique concideralians related toretreatment as compared to initial treatment. 


4, Describe factors affecting case selection in retreatment 


4.0 Descube ishealmendtechoanpoes ft sulla paita ienmval. 


‘alll 


Describe retreatment techniques for removal of canal obstructions as post and core or separated 
inst: uments, 
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EVALLAT OAS SWE ESS ANG PALL RE 


What is Success? 


uccess of endodumic treatment of vi- 

tal diseased puip means that the root 

canal treatment prevents bacteria from 

entering the root canal system; thereby; 
the treatment prevents periradicular lesion From 
Forming. With necrofic paip, tne treatment 15 
considered successful if it eliminates or signifi 
vanlly reduces bacteria in the rool canal system 
50 tnat an associated perradicular lesion neals. 
Progross is the prediction of whether an end- 
odontic treatment will prevent tne development 
of apical periodontitis or heal if present. 


Unfortunately, not al! root canal treatments 
are successful. The clinician should attempt to 
predict the outcome of each treatment based on 
existing knowledge and fiform the patient about 
tne expected outcome. Prediction of the outcome 
should be done at three times: before, during and 
after freatmenf. The prognosis often changes at 
[nese intervals, dcpcnding on what occurs or 
what is discovered during or after treatment. 


Success und Failure 


Fuctors Influencin 





Reported suceess rafes range from a nigh of 
95% toa low of 52%, various factors were ana- 
lyzed in relation to success and failure. Some of 
the factors that consistently impact prognosis 
are: 


l. Presence of periradicuiar lesion associated 
with the tooth before treatment, whicn may 
reduce success by 10% to 20%, 


2, BHacierta status of the canal. Tne presence of 
bacteria in the canal before obturation pre- 
dicts a poorer prognosis. 


3, Tne technical 
preparation. 


quality of roof canal 


4. Extentand quality of obturation. In relation 
to extension of obturation, healing is less 
predictable if the filling is too short (more 
han Zruru fror the radiographie apex)or loo 
lone (extending from tne apex). More voids 
and or Jess density of the obturating materia! 
is also related tc lower success rates. 


5. The geality of coronal restoration and the 
eHectiveness of coroaal seal, With a poor 
coronal sca] most treatments will eventually 
fail irrespective of the periradicular status of 
the tonth before treatment or tne quality of 
debridment and nmbturatinn. 


When to Evaluate? 


Suggested postoperative follow-up periods 
range from ó months to 4 years, 6 montns isa 
reasonable interval for recall evaluation for most 
patients. 


Unfortunately, apparent suecess may revert 
to failure at a later time(often as a result of cor- 
onal leakage}, so clinical and radiographic ex- 
aminations of teeth treated with root canals are 
indicated as part of routine full-status evaluation 
of all dental procedures. 


Methods of Evaluation 


With current technology, practical means of 
determination of healing or nonhealing arc based 
on clinical findings (signs and symptoms) and 
radiographic evaluation. 


Clinical cxaminaiion: Persistence of adverse 
significant signs (e.g. swelling or sinus tract) or 
symptoms (e.g. spontaneous pain, dull persistent 
ache, or mastication sensitivity) indicates failure. 
Important!y, absence of pain or other symptoms 
doesn’t confirm suceess. This is because perira- 
dicular pathosis witnout significant symptoms 15 
usually present in teeth before as well as after 
root cana! treatment, 


Radiographic findings: according to the 
findings, the outcome of each treatment could be 
classified as a success, failure, or questionable 
status. Success ts evident by the elimination or 
non development of an area of apical radiolucen 
cyfor a minimum of | year after treatment. Fall- 
ure fs evident by enlargement or development of 
radiolucent lesion since treatment, Cxestionable 


sfafus indicates a state of uncertainty, when a ra- 
diolucent lesion has neither beenme larger nor 
slenificantly decreased in sizc, with a possihil- 
ity of healie by Hbrous rather tnan bony tissue. 
Complete radiographic regeneration of perira- 
dicular structures does not always occur, bat can 
be still defined as healed There may be unusual 
trabecular pattern or lack of complete replace- 
ment of the cortical plate adjacent to the tooth, 
giving the appearance of persistent lesion. 


To be able to accurately compare radin- 
graphs made at diffcrent times, it 1s important 
that they are taken in a reproducible fashion and 
with minimal distortion as achieved with the usc 
of paralleling radiographic devices for periapical] 
radioeraphs or better use the cone beam comput- 


ed tomography (CRET). 


Causes of Endodontic Failures 


Most 
are directly or indirectly caused by bacteria 


nonhealing root canal treatments 
somewhere m ihe rool canal system Anyavshap 
(refer io chapler of mishaps) occurring during 
the procedures associated with root canal 
treatment can predispose to failure. Generally, 
root canal treatment failure can occur during any 
of the three phases: preoperarive, operative, and 


postoperative. 


Preoperative Causes: some of the preopera- 
live consideralions ticludye; misdiagnosis, crrors 
In trealment planing, pour case selection, ur 
realmment of a looh wilh poor prognosis. 


Forming a correct diagnosis of the pulpal and 
periradicular status is based on all available 
information; clinical and radiographic evalua- 
tions, Otherwise there is a risk of mappropriate 
treatment and/or wrong tooth being treated.Ex- 
ira canals can be diagnosed using radiographic 
projecuion with different horizomal angulauon. 
Vertical rout fracture must be considered, if an 
isolated deep periodontal defect is associated 
with a suspected tooth. 
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Onerative Causes: these include both me- 


chanical and dbtclogical causes. 


i- Mechanical causes. for predictable success, 
several steps need to be followed during ac- 
cess cavily prepuralion, rool canal iosiru- 
mentation and obturation. 


a A stratehe line access preparation facilitates 
debridmen and obturation. If the access is 
underextended several mishaps may occur 
that ultimately lead to failure, a canal may 
be missed, improper deroofing may cause 
the pulp horn to retain debris and sealer with 
ultimate discoloration, additionally insuf- 

ficient cleaning and shaping or even instru- 

ment breakage may occur. Overextended 
access cavities, prepared at the expense of 
dentin, weakens the tooth, possibly allowing 


fractures and increases risk of perforation. 


b- Darme tasfrementafion a common crror 13 
failure to maintain canal curvature because 
files cut to the outside of the curve (trans- 
portation), This alters canal morphology and 
leaves infected debris in the canal system. 
Excessive preparation in lhe “danger zone” 
orin (he apical 1/3 may resull in sirip per- 
foration or apical perforation, respectively. 
These pertorations are possible to repair but 
may require surgical intervention. | .cakage 
andor mechanical irritation may result and 
a lesion may develop. 


The ouleome of separated inslrument (bro- 
ken) in a root canal system depends on the 
stage of canal preparation, pretreatment pulp 
niatus (vital versus necrotic) and the level 
at which the instrument scparated. The out- 
come may be unaffected if the instrument 
can be removed or bypassed. Overinstru- 
mentation causes some tissue damage, and 
may also transfer mivroorganisms from the 
canal lo the periapex, possibly compronus- 
ing the outcome. 

cC- Errors th obturation may result from poor 
canal shaping or selecting inappropriate 
obturating technique. Overextended 
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EVALUATION OF SUCCESS AMD FAILURE 


obturation may lead to failure, possibly 
because the combination of an inadequate 


tation, copious NaQC] irrigation, and intra- 
canal medication as calcium hydroxide. 


seal was preceded by overinstrumentation. 


Postoperative Causes: 


A poorly condensed obturation can cause 
Coronal restoration protects and seals the 


apical and/or coronal percolation. Ether at es 
under obturation or overfilling is likely to tooth, preventing diffusion of saliva and bacteria 
result in failure, particularly in the presence 


of pulp necrosis and an apical lesion. 


apically. Vhere should he no space between the 
coronal filing and onturation in the cervical 
arca. There is a correlation between poorly 
2- Biological Causes: Ideally after preparation, restored crowns of cndodontically treated tecth 
(he root canal would be free of bacteria, With and leakage of bacteria or endotoxin through the 
a vilal diseased pulp this means prevenuon canals and poorer prognosis. Restorative errors 
of contamination and with a necrotic pulp, also may compromise success, for example, 
means achieving disinfection. Bacterial excessive dentin removal for posts weakens the 
counts are minimized by careful instrumen- root and increases susceptibility of fracture. 





CHAPTER REVIEW QUES PIONS 


1. Define success of endodontic treatment, 

2. Detinz prognosis of endodontic treatment, 

3. Just factors thal influence sucesss am: failure. 

d. Describe methods of evaluating success and failure. 


S. Describe preoperative, operative ane post operative causes of endodontic failures. 
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1. Effectiveness of proceclues 


2, Factors affect ng autcornes 





: After reading this chapter, 9.00 Value for progr osi irali 
the student should be able to 
l Outcome measures tor endodontic treatment 
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E 2, Quttume measires for nonsurg cal rovtca tal treatment ard 
retrcatment 
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Outcomes of vital pulp therapy procedures 
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2, Direct pup cappiag 


3, Pulrotomy 


Outcomes of nonsurgical root canal treatment 


Factors affecting periapical health or healing following root canal 
treatment 


. 1. Patient facto" 
2. Treaknent factors 


oie Post rout canal treatment restorative |actors 
Outcomes of nonsurgical retreatment 


Outcomes of surgical retreatment 
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EVALUATION OF OUTCOMES 


Types of Disease and Their Treatment 


ndodontic treatment encompasses the fol- 
lowing procedures: 

l. Vital pulp therapy fiudireet pulp therapy, di- 
rect pulp capping, pulpotomy, regenerative 


pulp therapy) 


2, Nonsurgical root canal treatment 


thd 


Nonsurgical root canal retreatment 


Fa 


Surgical retreatment 


The ideal outcome for endodontic treatment 
consists of controlled reduction of inflam- 
mation, accompamed hy healing through re- 
generation, although sometimes repair may 
follow instead. 


WHAT ARE SURROGATE 
MEASURES? 


Signs of acute inflammation are classically de- 
scribed in the “triple response” exhibitcd by 


OUTCOME 


lL, Mechanically injured skin, which includes 
altered color (redness), 


Texture/contour (swelling) 


Sensation (pain), which are directly acces- 
sible and viewable. 


Chronic inflammation does not necessarily ex- 
hibit the same highly visible signs and symptoms 
of its histopathologic character. The clinician is 
therefore left with indirect or associated changes 
by which to judge the presence or absence of dis- 
casci these arc called “surrogate measures. 


Types of Outcome Measures 


The prepared shape of the root canal system, 
bacterial load reduction, and technical quality of 
the root filling may all be regarded as outcome 
MEd sires. 


The ultimate effxica’ measure of a treatment out- 
come is assessing the prevention and resolution 
of disease, 


The outcome of endodontic treatment may be as- 

sessed in four dimensions: 

L. Physicul/physiologic and related to presence 
or absence of pulpal/periapical heulth/dis- 


ease, pain, and function. 


Assesses longevity or tooth survival. 


tow 


4. Relates to economics and assesses direct and 
indirect costs. 


4. Itxamines psychologic aspects involving 
perecptions of oral health-related quality of 
life (QHRQoL) and acsthctics. 


WHAT IS THE PURPOSE OF EVALUAT- 
ING OUTCOMES? 


l- Effectiveness of Procedures: 


First, treatment procedures must be effective. 
Otherwise, there 1s no reason to recommend 
them. 


The patient must be properly informed as to the 
risks, benefits and potential outcomes of the af- 
fered treatment, 


If the clinician is uncertain of a result or feels 
that the outcome could be enhanced by treatment 
from another clinician, then referral to someone 
else more qualified is paramount. 


2- Factors Affecting Outcomes: 


Pooling data offers the potential to evaluate and 
prioritize the factors that exert a dominant in- 
fluence on outcomes. In this way, protocols for 
treatment may be improved. 


3- Value for Prognostication: 


Prognostication, which could he defined as the 
prediction, projection, prophesizing, or foretell- 
ing the likely outcome of treatment. 


The overall prognosis of a tooth depends on the 
interaction among three individual and often in- 
dependent variables, including endodontic, peri- 
odontal, and restorative prognoses. 
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OUTCOME MEASURES FOR ENDODON- 
TIC TREATMENT 


1- Outcome Measures for Vital Pulp Therapy 
Procedures: 

Vital pulp therapy include: 

lL, Indirect pulp capping wtih one-step or step- 
WISE Carles excavation. 

2, Direct pulp capping of exposed pulps. 

3. Parlial/full pulpolomy procedures for mere 


extensively involved pulps. 


The surrogate outcome measures adopted in 
studies include: 


l. Clinical success (pulp sensitivity te cold test 
and abscnce of pain, soft-tissuc swelling, 
sinus tract, periradicular radiolucency, or 
pathologie root resorption), 


I 


Patient satisfaction. 
3. Adverse events (pam, swelling, tooth fracture). 
4. Tooth extraction 


The European Society of Endodontology sug- 
gests “initial review atno longer than G months 
and thereafter at further regular intervals”. 
(table L} 


Criteria for Assessing the Outcome of Pulp 
Therapy 


Quality Guidelines forj Guidelines on Pulp 
Endodontic Treatment: | Therapy for Primary 
Consensus Report of|and Immature Ferma- 
the European Society of | nent Teeth (The Ameri- 
Endodontology (2006) | can Academy of Pacdi- 
atric Dentistry 2014) 


L Normal response tojli. Tooth vitality maim- 
pulp sensitivity tests 
(when feasible) 


2. Ahsence of pain and|2. Absence of posttreat- 
other symptoms ment signs or symp- 
toms such as sensitiv- | 

ity, pain, or swelling 





TECHNICAL A C_INIC AL ENGOGON ICS 


4. Radiologic evidence 
of dentnal bridge 
[formaton 


3, Occurrence of pulp 
healing and reparative 
dentin [unnauion 


4. Absence of rad:o- 
graphic evidence of 
internal or external 
TLL TesOrpUon, peri- 
apical radiolucency, 


. Radiologe evidence 
of continued root 
formation m imma- 
ture te2th 


abnormal calcifica- 
tion, or other patho- 
Ing:c changes 


5. Teeth with immature 
roots should show 
continued root deyel- 
opment and apexo- 
genesis 


Absence of clinical 
and radiographic 
sans of mtemal root 
resorption and apical 
periodontitis 





An initial assessment at 6 to 12 weeks, followed by 
areview 6 and 12 montns after treatmen’, seems to 
have. been accepted and is recommended. 


2- (Wutcome Measures for Nonsurgical Root 
Canal Treatment and Retreatment: 


The pulp ts irreversibly inflamed, necrotic, or 
infected to the extent that vital pulp therapy 
would not resolve the problem, which therefore 
requires pulpectomy (eftective and aseptic 
removal of the pulp tissue regardless of the 
clinical protocol used). 


Onee periapical lesion develops, the challenge 
is a different one because the purpose now 
is to remove the bacterial biofilm and effect 
switching-off the periapical host response. 


Ideal healing would eventually result in 
regeneration and the formation of cementum 
over the apical termini, 1sclating tne rect canal 
system from the periapex. 


Tne outcome measures for healed periapical 
disease are: 


l. Absence of pain, tenderness to pressure/ 
percussion of the tooth, tenderness to 
palpation of tne related soft tissues 


2. Absence of swelling and sinus traci 


3. Radiographic demonstration of reduction in 
the size of the periapical lesion (if sufficient 
time has lapsed). 
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EVA URS TION Or OJUTCOMES 


NB Although the majority of periapical lesions 
heal within 1 year, healing may continue for up 
to4 years or longer. 


NB Radiographic evidence of a persistent periap!- 
cal radioluceney may indicate either fibrous repair 
or persistent chromic inflammation or infection. 


The periapical status of root-treated teeth has tra 
ditionally 2een assessed asing two-dimensional 
conventional radiographic maging. 


Digital :maging technology brought the possi 
bility of image manipulation, including digital 
subtraction, densitometric analysis, correction of 
ercy valucs and the manipulation of srnghtncss 
and contrast. 


Cone-beam computed tomography (CBCT), a 
new threc dimensional imaging technique over- 
coming ‘tne problem of superimpos:tion of tissue 
layers and structures. 


3- Outcome Measures for Periapical Surgery: 


Nonsurgical root canal treatment alone may fall 
to resolve apical periodon‘itis in a small propor 
tion of cases because It may not allow access to 
the infection. 


In these instances, a surgical approach to ‘he 
perlapex may be required in addition to the non- 
sargical approach. 

The suecess of periapical surgery has been as- 


sessed with the same clinical and radiographic 
criteria as [or nonsurgical root canal trealiment. 


Per:odontal attackment loss in the form of mar- 
ginal gingival recession is an additional criter.on 
for measuring ‘he outeome of periapical surgery. 


OUTCOMES OF VITAL PULP THERAPY 
PROCEDURES 


l- Indirect Pulp Capping (One-Step versus 
Siepwise Excavation): 


The stepwise excavation approach with initial 
partial caries removal was advocated to reduce 
the risk of pulpal exposure and is generally con- 
sidered to he associated with poorer outcomes. 


However, in three randomized controlled ‘rials 
on permanent teeth with deep caries, stepwise 
excavation was found to ke associated with a 
lower rate of pulp exposure and figher chance 
of long-term clinical success than the one-step 
excavation approach. 


Tnetype of lming material did not influence the 
outcome. 


Tne age of patients, presence of preoperative 
pain, aud pulpal exposure darme excavation 
were sienih cant negative prognostic factors. 


2- Direct Pulp Capping: 


Direct pulp capping is performed on teetin with 
pulp exposures. 


Saline, sodium hypochlorite, and chlorhexidine 
have been reportedly used to irrigate tne exposed 
pulp and to achieve nemostasis. Calcium 
hydroxide paste and mineral trioxide azgrevate 
(MTA) were the commonly used capping 
materials showing 70.1% success rate. 


The patents age and sex, tooth location and 
type, palp exposure type, size, and its location 
and the restoration type, size, and quality did not 
have a significant influence on success. 


Teeth with immature roots were associated with 
significantly more successful outcomes. 


The type of capping material was anotner 
significant prognostic factor, with MTA 
perlorming superiorly to caleua hydroxide. 


3- Pulpotomy: 


The success rate for partial pulpo‘omies is 79.3% 
while for full pulpotomies 1s 82.4%. 


Randomized controlled ‘rals revealed that 
MTA achieved s:milar outcomes in partial or 
full pulpotomies when compared with calcium 


hydroxide. 


Summary of Prognostic Factors for Vital Pulp 
Therapy: 


The most important factors affecting the outcome 
of vital pulp tnerapy are: 


a. Preexisting health of the pulp. 


b. Adequate removal of infected hard or soft 
tIssucs. 


c. Carctul operative technique to avoid damage 
to residual tissues. 


d. Elimination of microbial leakage aroand the 
final restoration. 


NB, The degree of pulp bleeding upon exposure 
is a more reliable too] to judge the status of the 
pulp than the preoperative clinical signs and 
S¥LILPLOIIbs. 


OUTCOMES OF NONSURGICAL ROOT 
CANAL TREATMENT 


Factors Affecting Periapical Health or 
Healing Following Root Canal Treatment: 


1- Patient Fuctors: 


a) Patients age and sex: 


They nad no significant effect on outcome, 
health 


immune 


conditions 
response) 


whereas 
(dtahctes, 
apparently had a signtheant influence. 


some specific 


compromised 


b} Teoth anatomy: 


The widespread perception that single rooted 
teeth with less complicated anatomy “should 
benefit with more predictable and favourable 
oulcomes proves lo be untrue. 


Canal complexitics m tne apical anatomy 
probably play a more dominant role than other 
complexities such as the number and curvature 
of canals. 


c) Preoperative pulpal ana periapical status: 


The presence and size of a periapical lesion seem 
to have the most negative effect on periapical 
healthfnealing. 


‘This 1s attributed to the diversity of bactena 
that may have penetrated deeper into dentinal 
tubules and accessory anatomy in the complex 
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canal system where mechanical and chemical 
decontamination procedures may not be 50 
effective. 


The presence of preoperalive pain, sinus lracl, 
swelling and apical resorption have been found 
to be sigmhcant prognostic factors that have 
associated with 


heen stenthcantly reduced 


success rates in root canal treatment. 


2- Treatment Factors: 
a) Operator: 


Clearly technical skills play an important role tn 
Prognosis. 


b) Isolation: 


The use of rubber dams showed sienificantly 
higher success rates when compared to cotton 
rol] isolation. 


c) Magnification and Mlumination: 


Rescarchers found only aninsignificant influcnec 
on the fina] oatenme. 


Use of a microscope may sometimes assist 
location of the second mestobucecal canal in 
maxillary molars, bul this only made a small 
difference to the success rates. 


d) Mechanical Preparation: Sizc, Tapcr, 
Extent and Procedural Errors: 


1) Size: 


Enlargement of the canal to three sizes larger 
than the first aptcal binding Ale was adequate. 


Canal preparalion to larger apical sizes may 
compromise treatment success by generation of 
more apical dentine debris, which in the absence 
of an adequate irrigation regimen serves to block 
apical canal exits that may still be contaminated 
with bacteria. 


2) Taper: 


The ESE eurdelincs recommend only that canal 
preparation should be tapered irom crown to 
apex without stipulating any particular degree of 
taper. 
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There was no significant difference m treatment 
outcome between narrow (.05) and wide (.10) 
canal tapers. 


4) Extent: 


Tne European Society of Endodontology (ESE) 
guidelines 15 that root cana! debridement must 
be extended to the terminus of the cana! system, 
whicn is expressed variously as extension to 
the apical constriction, or 0.5 t 2 mum Crom the 
radiveraphic apex or to the cementodential 


Junvion. 


4) Procedural errors: 


Tnis include canal blockage, iedge formation, 
apical zipping and transportation, straightening 
of canal curvaiure, tooth or root perforation 
at the pulp chamber or radicular level and 
separation of trstruments. 


fastrument separation during treatment has heen 
found to reduce the success ratcs significantly. 


The stage of canal debridement at which instru- 
ment separation occurred and the justification 
for their retention may have implications on tne 
OULVOTIE, 


The 


instrument and 


coronocapical location of a separated 
whether the instrument was 
successii!'y bypassed were found to havc no 
effect on treatment outcome. 


e) [rrigant: 


ESE, solution 


disinfectant and tissue dissolving properties. 


l) Sodium hypochlorite: 


recommends a POSssessing 


A higher concentration of sodium nypochlorite 
made negligible diterence to treatment ovtcome. 


2) Chlorhexidine: 


The use of chlorhexidine as a final irrigant 
fulluwing sodium nypochlorite irrigation had 
been recommended tins 1s dug to its substantivity 
In rool dentin (.e., prolonged antibacterial 
effect), relative Jack of toxicity and broad 
spectrum efficacy. 


The alternate irrigation with sodium hypochlorite 
and chlornexidine solution produced an insoluble 
precipitate containing para-chloroaniline, which 
is cylotoxie and carcinogenic. 


3) EDTA: 


EDTA had a profound effect on improving 
radiographically observed penapical healing 
associated with root cana! treatment this is due 
to deeper penetration of irrigant mto dentine 
by opening dentmal tubules and removing the 
smear layer. 


Ð) Medicament: 


The use of a mixture of calcium hydroxide 
and chlorhexidine has been tested based on the 
speculation that the mixture would be morc 
effective against £. faecalis. 


2) Root canal bacterial culture resulis prior to 
obturation: 


In the past, obturation would only be acceptable 
after a negative culture test was obtained, 

This practice has fallen out of clinical Favour 
because of: 

1) The good prognosis of root canal treatment 
without microbiologic sampling. 

i) The procedure ts lengthy, difficult and often 
inaccurate reqauing laboratory support. 


Tne outcome is even worse when a positive 
culture test result combines with the presence of 
a periapical lesion. 


h) Effect of persistent bacteria on root canal 
treatment outcome: 


Tne bacteria present in preobturation cultures 


have mcluded Ereroeoecus, Streproccecus, 
Stapaviocecens, Lactobacillus,  beitloneltla, 
Pseudomonas, Pusobactertum species and 
yeasts, 


The overall failure rate for cases with positive 


cultures was 31%. 


Teeth testing positive for Enterococcus species 


nada failure rate of 55%, and teeth wiih positive 


eee AC ek INES A NECCEN TASS 


cultures tor Sfrepfececeus species nad 9U% 
failures. 


The success rate for teeth with no bacteria was 
80%, whereas that for teeth with bacteria in the 
canal before obluration was 33%. 


i) Root filling material and technique: 


There 15 no evidence to show that the nature 
of root filling material and the technique used 
for placement has any signihcant influence on 
treatment oui Omeg. 


j) Apical extent of root filling: 


The apical extent of root fillings has been 
classthed into tiree valegoriecs Lor statistical 
analyses: 


- More than 2 mm short of radingraphie apex 
(short) 


- Oto 2 mm within the radiographic apex (flush) 
- Extended heyond the radiograpnic apex (long) 


Flash root fillings were associated with the 
highest success rates, whereas long root fillings 
were associated with the lowest success rates. 


k) Quality of root filling: 


An unsatisfactory root filling has been defined 
as iwadcquafe seai (poor apical seal) or 
radiographic presence of voids were found to be 
associated with significantly lower success rates 
than satisfactory root fillings. 


1) Acute exacerbation during treatment: 


The presence of pain or swelling in cases after 
chemomechanical debridement was found to 
significantly reduce success as measured by 
periupical healing. 


Flare-aps were caused hy: 


Extrusion of contaminated material during 
canal preparation. 


- Incomplete chemomechantcal debridement at 
the first appointment, leading to a smft im canal 
microbial ecology favouring the growth of more 
virulent microorganisms. 
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m) Number of treatment visits: 


The number of treatment visits for completing 
root canal treatment and tneir effect on pertapical 
healing remains an ongoing controversy. 


The premise for multiple-vistt treatments has 

cen that primary debridement 's not completely 
effechve in climinating all the adherent bacterial 
binohlm and the residual] bacteria may multiply 
and recolonize the canal system. 


Calcium nydroxide used as interappolntment 
dressing has ability to: 


- Pissolve orgamc tissue 
Kill bacteria 
- Detoxify antigeni: material 


3- Post Root Canal ‘Treatment Restorative 
Factors: 


a) Effect of Quality and Type of Restoration: 


‘Teeth with satisfactory coronal restorations were 
foind to have stgnihcantly hetter periapical 
healing compared with those with unsatisfactory 
restorations. 


Satisfactory restorations has been defined as a 
restoration with no evidence of 


(1) Marginal discrepancy 
(2) Discoloration 


(3) Recurrent caries with absence of a history of 
decementation. 


Unsatisfactory restorations were defined as those 
with: 
(1) Obvious signs of exposed rooi fling 


(2) Potential Icakage indicated hy marginal 
detects and history of de-cementation. 


b) Use of root treated teeth as abutments for 
prostheses and occlusal contacts: 


lt is reasonable to expect that bridge and denture 
abutments may be placed under unfavorable 
loads which may theretore be expected to 
havc lower success rates because of a potcntzal 
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Increase in the development of cracks and 
fractures due to Fatigue. 


Summary of Factors Influencing Periapical 
Healing Following Nonsurgical Root Canal 
Treatment: 


l. Presence and size of periapical lesion. 


2 Palteney at the canal lermumus (achieving 
patency significantly increased the chance 
of success}. 


3. Apical extent of chemomechanical prepara 
uon in relation to ihe radiographic apex. 


4. Outcome of intraoperative culture test. 


5. latrogenic perforation (If present, reduces 
the odds of success by 30%), 


6. Quality of root canal treatment judged bythe 
radiograpnic appearance of the root filling. 


7. Quality ofthe final coronal restoration. 


The following factors are considered as having 
minimal impact on roct canal treatment outcome: 


l. Ase of patient. 
Gender of patient. 


Tooth morphologic type. 


a eee FS 


Specific root canal treatment protocol and 
technique (preparation, wtigation, and 
obturation material and technique). 


Factors Affecting Tooth Survival Following 
Root Canal Treatment: 


A systematic review and meta-analysis has shown 
that 93% of endodontically treated teeth survive 
at 2 years postoperatively but this survival 
reduced to 88% at 10 years following treatment. 
this is due to due to problems of endodontic 
origin, tooth/root fracture, or restoration failure. 


1- Patient Factors: 


Patients suffering from diahetes or receiving 
systemic steroid therapy had a higher chance of 
tooth extracted after root canal treatment. 


Diabetic paticnts are more susceptible to 
periodontal disease or have a lower success 
rate of root canal treatment because of being 
immunologically compromised. 


2- Tooth Morphologic Type and Location: 


Maxillary premolars and mandibular molars 
were found to have the highest frequeney of 
extraction, with tooth fracture being the most 
COMMIMNON Tedson, 


3- Preoperative Conditions of Teeth: 


The presence of preoperative periapical lesions, 
wich 18 (te most significant prognostic factor 
for periapical healing, was found to have no 
significant influence on tooth survival. 


The presence of preoperative penodontal probing 
defects of endodontic ongin, preoperative pain 
and preoperative sinus tracts were found to 
reduce toot survival. 


The presences of preoperauve cervical resorplion 
and perforation was also found to sigmficantly 
reduce toot survival. 


4- Treatment Factors: 


Lack of patency at apical foramen and the 
extrusion ol gulla-percha rool Alling were found 
to be the most significant miraoperative factors 
In reducing toath survival. 


Summary of Factors [Influencing the Survival 
of Teeth Following Root Canal ‘Treatment: 


The following conditions have been found to 
significantly improve tooth survival following 
Toul canal Lreatiment: 


Ll. Non molar teetn. 


2. Teeth wilh vel mesial and distal adjacent 
teeth. 


3. Teeth not located as the distal- most tooth in 
the arch, 


4. ‘Teeth (molar) with cast restorations after 
treatment. 


5, Teeth not requiring casi post and cors [or 
support and retention of restoration. 


6. Teeth not funet:oning as abutments for fixed 
prosthesis. 


7. Absence of preoperative deep periodontal 
probing = defects, 
perforation. 


pain, «mas fracf, or 


8. Achievement of patency at canal terminus 
and absence of reot-lllig extrusion during 
(reatmen:. 


OUTCOME OF NONSURGICAL RETREATMENT: 


The periapical healing rates of root canal 
retreatment are generally perceived 10 be lower 
compared to primary treatment for the following 
reasons: 


l- Obstructed access tothe apical infection. 

2- A potentially more resistant microbiota. 

The most significant factor mivencing the 
ocome of treatment is the ability fo remove 


or bypass pre-cxisting root-flling material or 
separated instruments during retreatment. 


OUTCOME OF SURGICAL RETREATMENT; 


Factors Affecting Periapical Health or 
Healing Followmg Periapical Surgery and 
Root-End Filling: 


The factors haying a major impact on cultcome 

of periapical surgery with retrograde cavities 

and fillings :n teeth with preoperative periapical 

radivlucencies are; 

|. Small (= 5 mmi versus large (> 5 mm) 
periapical les:on. 


2. Periapical lesion involving one versus both 
cortical plates. 


3. Absenec 
3urgery. 


Versus presence of previous 


4. Using maguilicalion versus wilhiou: the use 
of magnifica:on during surgery. 





Rool-end resection wilh WU Versus 


St 


obvious be vel, 


6, Use of ultrasonic tip versus Dur for retro- 
cavity preparation. 

7. Use of retro-filling material with mineral 

‘rlox:de aggregate (MTA) cement, super 

acid (EBA) 

restorative material 


ethoxybenzo1c cement, or 
(IRM) 
versus amalgam; tne use of MTA resulted 


Ina similar outcome “9 Super EBA or IRM. 


intermediate 


Super EBA and IRM were associated with 
significantly higher chances of success than 
amalgam, 


8. The preoperative presence of signs of 
symptoms, perodon‘al status and quality of 


(he coronal restoration. 


The followmg factors have minimal effect on 
surgical refrcatment 


l. Age of patient. 


Gender of patient. 


3. General healtn of patient. 
4. Tooth type. 
5. Quality of the pre-existing root canal fill:ng. 


as judged radiograpnically. 


6. Histologic diagnosis of the biopsied pertapi- 

cal lesion (cys? or granuloma). 
Factors Affecting Periodontal Incisional 
Wound Healing: 


All concluded that negligible marginal recess: on 
could be ach:eved by adopting a flap design “na? 
avoided reflec ‘ion of the incerproximal papilla. 


Factors Affecting Tooth Survival Following 
Periapical Surgery and Root-Knd Filling: 


Tne survival time for first-time surgery was 92.1 
months and that torresurgery was 39 [ nonths. 
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EVALUATION OF OUTCOMES 


CHAPTER REVIEW QUESTIONS 





W What AIE SKILTOO MALE WI LOOENE [SHSures 


z List the types of outcome measures. 
3, What arc the purposcs of cyaluating outcomes? 
4, Dist rhe outcome measures of endodontic treatment, vira! pulp therapy, non-sareical root canal 


treatment, non-surgical retreatment and surgical rctreatment 
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objecti Ves Scaifold carrier 


Stem cells 





Definitions 


Nor phogens 


Classification 


After reading this chapter, Gene therapy 
the student should be able to 5 
| Vectors 
Define tissue engineering and re New concept of regenerative endodontics in the management of 
generative endodontics. immature perinanent teeth, 
Describe the three key ingredi- Rool canal revaseularization via blood clotting 
ents for tissue engineering (mor ats l <— 
phogenes, scafolds and stem Irrigation and regeneration 


cells), a inne 
Natural irrigants (morinda citrifolia) 


Describe human dental pulp 
stem cells with their properties 
and functions. 


Define gene therapy and describe 
its types (in vivo and ex vivo). 


Describe vectors. 


Describe new concepts of regen- 
erative endodontics in manage- 
ment of immature permanent 
teeth. 


Describe natural irri palils and their 
role in re peneralive endocdontics. 
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TISSUE ERGINEERING IN ENDODONTICS 


DEFINITIONS 


issue engineering is the thras- 

dimensional assembly over time 

of vital lissucs and organs oy a 

process involving cells, signals 
and extra cellular matrix. 


Is the science of design and manufacturer of 
new tissue to replace lost one by diseases such 


ds CHIC, (auld OF evel CUTIES, 


Is the feld of functional restoration of tissue 
structure and physiology for impaired or 
damaged issues because of cancer, diseases and 
trauma. 


Regenerative endodontics is the creation and 
delivery of tissues to replace diseased, missing, 
aud trawiiatized pulp. 


Endodontic treatment consisting of the removal 
of the entire pulp and replacing it with gutta- 
percha (rubber like material). There have been 
no other effeclive ways to repair the infected or 
injured pulp tissue besides complete amputation. 
Removing tke entire pulp poses two clinical 
problems : 


© Farther dental work yach us crown und 
post that weaken the footh are most often 
required, 


© Devifalized inmalure feet ure weok with 
huitle dentin structure. 


Recent advances in pulp stem cel] isolation and 
tissue engineering technologies have shed ligh 
on the possibility of pulp lissue regeneration. 


Tissue engineering with the triad of dental 
pulp progenitor/stam cells, morphozens, and 
scaffolds may provide a ayent afternative 
method for pulp capping and root canal 
ireatinent, 


The three key ingredients 


for tissue engineering are 35 





®Senals for morphogenesis 
[hone morphogenic prote n 

| BMP or BM? genel inc ud- 
ing growt7 and differentiation 


C factors 
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eStem cel s or progenitor cells | 
to respond to morphogenesis; 
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MORPHOGENS 


DEEINPTTON 


Are biological factors that regulate stem cells 
to form the desirable cell type. 


Are inductive signals that function as growth/dif 
ferentiation factors in odontoblast differentia‘ion. 


Bone morphogenic proteins (BMPs) are multi- 
functional cytokines widely distributed both in 
skeletal and non-skeletal tissues. They have a 
major role in organogenesis BMPs also play a 
role in differentiation of dentin in teeth. 


Therecent progress in molecular developmental 
biology permits the delivery of BMPs by gene 
therapy. 


SCAFFOLD CARRIER 


Is a biodegradable matrix which is required for 
ease of delivery of cells to the wound site as well 
as to provide a three-dimensional scaffold co 
preserve the space of the defect in anticipation 
of the formation of new tissue. It is necessary 
for cell adhesion and migration. 


PASS, Ce LG Bod “ee 























The ideal scaffold for tissue engineering 
should be : 


1. Easy to handle. 
2. Allow for the incorporation of cells. 


3. Allow for the free diffusion of cells and 
growth factors. 


4. Permit the establishment of a vascular ded 
to insure survival of the implanted cells. 


5. Induce a minimal ndJammatory response. 
6. Be ultimately biodegradable. 






Scaffold Carrier 





Kiclogical scaffolds , Brest 
pe Eee Artificial | 
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| Po ee isyrthetic scaffold! 
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STEM CELLS 
What are stem cells? 


Stem cells arc unique cells that nave the ability 
to replicate and differentiate into other ecll types 
and tissues. 


Stem cells are central to tiree processes in an 
organism: development, repair of adult tissue 
and cancer. 


Where Stem Cells sre Located ? 


Any tissuc or organ in stasis or undergoing repair 
and having a connective tissue compartment, 
has resident populations of mesenchymal stem 
cells. 





CLASSIFICATION 
( Stem Cells 


Adult (Mature) } 


_ Som aaa mam = 
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Stem Cells 


F ‘ r h r ee.» 
Totipotent | | Pluripotent | ( Multi potent j 
a a O Np 


Embryonic stem cells are pluripotent, 
meaning (hey can divide and grow rapidly and 
differentiate into the 220 tissue types that make 
up the human body 





Pluripotent mesenchymal stem cells can be 
utilized for the replacement of potentially 
multiple tissues of mesodermal origin (1.2, 
bone, cartilage, muscle, adipose tissue etg... 


Mature stem cells are multipotent, meaning they 
ean yield all of the cell types associated with the 
tissues From which they originate 


Mature stem cell is an unditferentiated (unspe- 
clalized) cell that is found in a differentiated 
(specialized) tissuc, which ran renew Haeif far 
a frtetrare. 


Can nature stem cells become any type of 
body cell (pluripotent)? 


Traditionally, mature stem cells have Seen 
considered limited in their potential to become 
any type of body cell. In other words, they only 
produce cell varieties within their own lineage 
or type and are considered multipotent. 


Where can mature stem cells be found? 


Sources of mature stem cells have been Cound in 
areas Of the body including bone marrow, blood 
stream, comza of the eye, tie dental pulp of 
the tooth, liver, skin, gastrointestinal tract, and 
pancreas efc..... 


What is the most common type of mature 
stem cell used today? 


The mature stem cells associated with those 
that form blood in bone marrow are the most 
common type of stem cells used to treat human 
diseases today. 
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TISSUE FNGINFERING IN FNDODONTICS 


Human dental pulp stem cells (HDPSCs) 


A population of multipotent mesenchymal cells 
with high proliferative potential . 


Pulp stem cells are intimately associated with 
the blood vessels of pulp tissue. Radiographic 
studies provided the first evidence that DPSCs 
are resident UMC within the pulp core of teeth, 
Their origin from neural crests explains their 
mulftipotency, 


The nature of these stem cell populations in the 
pulp is of importance in understanding their 
potentialities and development of isolation 
strategies, and allowing for understanding their 
use In regeneration and tissue engineering. 


Properties of Human Dental Pulp Stem Cells 
* Tne capacity of self- renewal. 


Self renewal character: when a stem cell 
divides, one daughter cell remains as a 
stem cell while the other daughter cell or 
progenitor cell differentiates info a particular 
cell type Keeping one daughter cell as a 
stem ccll is a characteristic trait of stem cell 
known as sclf-rcncwal. 


Multi-lineage differentiation: 


Can differentiate into multiple mescuchymal 
cell lineage including: 


” Cardio Myocytes to repair damaged cardiac 
issue following a neart altues, 


* Neuronal to gcncratc nerve and brain tissuc. 


© Glial fike velis Care non neuronal cells that 
provide support and nutrition and maintain 
homeostasis m tie nervous system. 


Chondroc ytes to generate cartilage. 
Adipoc yfes to generate fat. 
Myocytes to repair muscle. 


Ostvoc yles lo generale bone. 


Used with several scaffolds. 
e (Can be safety cryopreserved. 
e Have long lifespan. 


* Seem fo possess immonoprivilacaes as they 
can be grafted into allogenic tissues. 


e Exert anti-inflammatory abilities. 


The most striking teature of human (lPANCs) 
is their amhty to regenerate a dentin pulp hke 
complex thaf is composed of mineralized 
matmix with tubules lined with odontonrlasts, 
and fibrous tissuc contaimng hlond vessels in an 
arrangement similar fo the dentin pulp complex 
found in normal human teeth. 


How does astem cell get to know which type 
of cell it should differentiate into? 


Stem cells are basically blank cells 


They “know” what type of cell to become 
due io: 


1. Internal genetic coding. 
2. External chemical messages. 


3. Coming in physical contac? with the 
differentiated cells. 


Where DPSCs are found ? 


An abundant source of these UMC in permanent 
teethisinthe dental pulp of impacted thirdmolars. 
Recently, investigators have discovered a unique 
typ: of mesenchymal stem cell inthe dental pulp 
of deciduous teeta, nicknamed SHED (Siem 
Cells from Human Exfoliated Deciduous Teeth). 


Stem cells extracted from the dental pulp of a 
third molar could be harvested, then directly 
implanted into the pulp chamber of severely 
Injured (0075, The goal is to regenerate the pulp 
inside the damaged tooth, preventing the need 
Tor endodontic reatment. 


How will I know whether or not the stem cells 
in the pulp of the tooth arc viable? 


The alood supply to the pulpal tissues enters 
through the apical area of the tooth. Therefore, 
when a toolh is extracted, the pulp should 
dppear Red in color, mudicaling that the pulp 
received blood ow up until the time of 
removal, which is indicative of cell viability. 
When a tooth is extracted, if the pulp is Gray 
in color, it is lixely that blood flow to the pulp 
has been compromised, and thus, the stem cells 
are likely necrotic and are no longer viable for 
recovery. 


Teetn that become very loose, either through 
trauma or disease often have a severed slood 
supply, und ure not candidates for slem cell 
recovery. This is why recovery of stem cells [rom 
deciduous teeth is preferred after an extraction 
versus the tooth that is “hanging on by a thread” 
with mobility. 


Pulpal stem cells should not he harvested From 
teeth with apical abscesses, ‘umors or cysts. 


Why should individuals “bank” their own 
dental stem cells? 


Using your own stem cells (autologous 
donation) poses fewer risks [or developing an 
Immune reaction “graft rejection” folowing 
transplantation than using donated tissues. 
Autologous donation also avoids the risk of 
contracting pathogens from the transplanted 


tissue that may induce disease in the new host. 


A parent may ask: why should I have my 
children’s dental stem cells banked if we 
already had their umbilical cord stem cells 
banked? 


Dental stern cells are banked at tne time children 
arc 6-7 years of age, up to adults. The timing of 
dental stem banking has certain advantages over 
the ‘iming of banking for umbilical cord stem 
cells: 
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The banking of dental stem cells is at least 6 7 
years later than the hanking of umbilical cord 
stem cells providing several opportunities for 


recovery and it is less dependent upon the time. 


The cord blood stem cells are primarily used 
today to treat blood diseases whereas the dental 
stem cells are to be used to treat hard and soft 


Hasne discascs and injurics. 


GENE THERAPY 


Following physiologic stimulation or injury to 
the pulp, stem cells in pulp may be mobilized 
to proliferate and differentiate inio odontoblasts 
by morphogens released from the surrounding 


protein matrix. 


The use of endogenous stem/progenitor cells 
combined into designed scaffolds with cytokines 
(RMPs) for local delivery has been demonstrated 


as a more effective way for (issue engineering. 
However, several garters to effective and sale 
local delivery of proteins in vivo have been 
identified ; 

* Their short hfe time. 

.  Hizh costing. 

e Difficulty to obtain full bioactivity. 


* High dose local delivery associated with 


zoth local and systemic toxicity. 


To overcome (nese Darriers, gene therapy nas 
emerged as an effective approach by which 


therapeutic proteins could be carried as genes. 


Growth/differcntiation factor IL (GDFIL) 1s a 
novel member of the BMP [amily thai is Pound 
to have ‘he potential to induce reparative dentin 


formation. 
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| Gene Therapy | 
| EX VIVO | 







IN YIYO 


In vivo gene therapy 


The healing potential of pulp tissue is ennanced 
by genes inducing dentin directly applied on the 
exposed/amputated dental pulp. 


The in vivo gene therapy does not have much 
effect on reparative dentin formation in case. of 
severe inflammation and few stem cells in the 
pulp tissue. 


Ex vivo gene therapy 


Pulp stem/progenitor cells are first isolated from 
pulp tissue and transfected or transduced with 
some therapeutically proven genes 2.2. (Gdfl1) 
lo mduce differentiation into vduntoblasis and 
dentin-pulp lke 
autozenously transplanted on 
amputated pulp. 


complex which are then 


Ine exposed! 


In the infamed pulp under deep caries or trauma, 
possibly due to the limited supply of pulp stem’ 
progenitor cells, it might be useful to apply zell- 
based ex vivo gene therapy compared to in vivo 
gene therapy. 
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Fig. ]. Fx vivo gene: therapy 


YECTORS 


Are the vehicles of transportation for the genes 
Veelors are mszried mo the largel issue where 
if properly dons, i will release the genes and ihe 
genes will become part of the cell. 


Methods of injecting vectors 


En viva: Elere the vector is injected directly into 
the nssue (viral vector). 


Ex vivo: In this process, the target tissues are 
first removed, next the cells are modified and 
Cullured in a pelri disn. The cultured cells are 
then pul into a vector and the veelor is injected 
Into the tissue (non viral vectors). 
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Fig. 2. Methods of injecting vectors 


New Concept of Regenerative Endodontics 
re fhe Management of immature Permanent 
teeth. 


Root Canal Revasculorization Via Blood Clotting 


Several case reports have documented 
revascu larization of necrotic root canal systems 
by disinfection followed Dy establishing bleeding 
into tne canal system via over ins‘rumentation. 
Tne revascularization method assumes tha! the 
root canal space has been disinfected and the 
formation of a blood clot yields a matrix (e.g. 
fibrin) that traps cells capable of initiating new 
tissue formation 


Frest visif : 


Light instrumentation and irrigation with 


full strength NaOCl, EDTA and CHA then 
iMix 
Tne BiMix is prepared by taking a 500mg Cipro 
tablet and 500mg metronidazol tablet and crush- 
ing ‘hem ‘ogether with a mortar and pes‘le This 
powder 1s mixed with lit‘le anesthetic solution. 


place (Cipro and Metronidazol). 





Second visif (2 weeks later): 


Opened ‘tooth, re-irigated (17% EDTA then 
NaQCh to remove ‘he antibiotic paste. Initiated 
bleeding into ‘ne canal using #20 file. Blood 
should fill the canal up to 2mm below the CEJ 
0 ‘nat the formed blood clot will be positioned 
as high as possinic towards the cervical 1/3. The 
blood column 1s left to clot (LO-20min) wile the 
ab 
prevent air borne infection. A thick mix of white 
MTA is inserted onto the blood clot in small 
Increments using a regular amalgam carrier. 
MTA is blotted dry of moisture and blood before 
the next incremen: was added. This procedure is 
stopped at about 3mm below the ocelusal surface 


canal opening is covered with sterile gauze 


to leave room for the final restoration. 


4 and 9 monti recall radiographs reveal that 
the tooth 1s undergoing apical development, the 
walls are thickenimy and a hard (issue banter has 


formed under the MTA. 
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IRRIGATION AND REGENERATION 


Future regenerative endodontie procedures may 
be routinely used to revitalize wmimature ‘eeth 
and with continued researen eventually even 
mature teeth. 


In order to accomplish regenerative endodontic 
therapy, if is necessary to stimulate DPSCs 
attachment to root canal dentin walls, 


TWO procedures, carried out during root 
canal therapy are concerned with this point: 


first: irrigation 
Second: Sinear layer renter 


The numbers of DPSCs attached to root canal 
surfaces after cleaning and shaping were found 
to vary according to the use of differen‘ irrigating 
and chelating agen‘s. 


Recently ‘ne use of a natural irrizant in 
conjunction with a chelating agent become 
essential for DPSCs attachment to root canal 
den‘in walls. 


NATURALIRRIGANTS 
MORINDA CITRIFOLIA 


Morinda citrifolia is an exotic plan‘ often called 
Noni Polynesians have used the fruit juice from 
the exotic Morinda eitrifulia or nom plant for 
more than 2000 years. 
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MCJ has a broad range of therapeuuie effects, in- Thoe iigalion lreaiment is used m vonjunelion 
cluding anlibaclerial, antiviral, anlifungal, anj- WHA 4 chelaung agent lo replicate common 
endodontic practice. 


tumor, antihelmintic, analgesic, hypotensive, an- 
ti-inflammatory and immune-enhancing effects. FROM PINK PULP TO PINK GUTTA- 

PERCHA TO PINK PULP TISSUE 
MCJ has been suggested as anaturalendodontic AGAIN- THE ERA OF REGENERATIVE 
irrigating solution. ENDODONTICS. 





* Discuss brichy the triad of tissue cngineering, 

© Dehnestemcells and mention their classilicationfs). 

® Define genetherapy; wendon its types and the different vectors used. 
® Discuge briefly the new concept of managing immature necrotic teeth 


* Mention the role of irrigation inthe regcneration of pulp tissuc. 
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htercommunication between pulpal and periodontal tissues 
Physiological pathways 
on phys o'ogical path wavs: 


Influence of pulpal disease and endodontic procedures on the 
periodontium 


Influence of periodontal inflammation on the pulp 


After reading this sae 


the student should be able 





Endo-peria lesions (theoretic pathways of osseous lesion formation) 
Primary enuodontic lesions. 

Primary endodontic esion with seconcary periodontal nvalvernent 
Primary per odonta lesions 

Primary periodontal les ons wih secondary ar dadortic invalvement 
| l Concomitant lesions 

ndedo race True combined lesions 


Differential diagnosis of endodontic periodontal lesions 
Subjective sigis arel symptoms. 

Radiographic findirgs 

Clinical tests. 


Treatment alternatives 
Eado-seria treatment 
Resective approaches 
Repene rative Ap proach Bs 
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[-  Iniercommunication between pulpal 
amd periodontal tissues: 





l- Physiological pathways: 
å- Apical foramen, 
B- Lateral (accessory) canals. 
C- Dentinal tubules. 
D- Palatogingival 2roove. 
A. Apical foramen: (main pathway): 


* The ingress of irritants from the necrotic 
pulp into the periradicular tissues, throuzh 
the apical foramen, initiates an inflammatory 
rcaponsc. 


e Tf plaque covers the roul and reaches the api- 
cal vessels, this causes pulp inflammation 
followed by pulp necrosis. 


B. Lateral (accessory) canals: 


¢ They may exist anywhere along the root sur- 
face vot they are Cound mainly in: 


The apical thirds of roots. 
- Posterior teeth more than in anterior teath. 
- Bureation of molars. 


* Upto 40% of teeth nave lateral or accessory 
canals, 


e ‘They carry toxic substances from pulp to 
periodontium or vice versa. 


* Dithecult to identify on the radiograph. 


* Positive identification of the presence of lat- 
eral canal can be made only when: 


- An isolated lateral lesion is seen radio- 
graphically or; 


- During obturation when some of the fill- 
ing material we’? extruded mto the lateral 
canal. 


* Enology: 
a- Breakdown of epithelial ront sheath of 


Hertwig before root dentin formation, 


b- Persistence of blood vessels between 
dental papilla and dental sac. 


C. Dentinal tubules: 


Normally a continuous layer of cementum 18 
an effective barrier to the penetration of bacteria 
and their by-products. However, when there is a 
discontinuity in the cementum layer, the dentinal 
tubules camry doxie melaboliles produced during 
pulpal or periodontal diseases in both directions. 
This may >e due to: 


a- Congenital absence of cementum. 


b- Removal of cementum durma periodontal 
trzatment. 


c- Damage to cementum dering traumatic injuries. 


d- Palatogingival groove: 


» Developmental anomalies of the maxil- 
lary incisors. 


* ‘The groove negins m the central Fossa, 
crosses the cingulum, and extends api- 
cally at varying distances. 


2- Non physiological pathways: 
A. Root perforations: 


+ An artificial communication between 


root canal system and periodontium. 


®» Thre closer the perforation to the gingival 
sulcus, the greater chances for apical 
migration of the gingival ephnelium in 
initiating periodontal lesions. 


È. Vertical root fracture: 


* Can form a communication between the rool 
canal system and the periodontium. 


* The fracture site provides an entry of the bac- 
teria and their toxic products from root canal 
system to the surrounding periodontium. 








M- Influence of pulpal disease and endodon- 
tic procedures on the periodontium: 
Pulpal disease: 


Irritants from necrotic pulp can pass through 
the apical foramen and lateral canals pro- 
ducing inflammation in the pcriodontium. 


Periodontal tissue destruction starts apically and 
potentially migrates toward the gingival margin 
thus termed retrograde periodontitis to be dif- 
ferentiated from marginal periodontitis m which 
the discase proceed from the gingival margin to 
the root apex. This inflammation is reversible if 
root canal treatment is properly done. 


Endodontic procedures: 

Tairogemme errors, as exlension of files, ream- 
ers or obturating materials, perforations of pulp 
chamber floor, perforation of root during clean- 
ing, shaping and post space preparation perfora 
lions, verueal rool fracture adversely affecl the 
periodontium. 


IL- [nfluence of periodontal inflammation on 
the pulp: 
Periodontal discase 


Progressive periodontal diseases result in api- 
cal migration of epithelial attachment and root 
surface exposure lo oral cavily and to trivanis 
(nactenal plaque). 

Periodontal procedures 
e Deep periodontal curretage may sever tne 
apical vessels resulting m pulp necrosis. 


e Sealing and planing of root surfaces may 
remove cementum opening dentinal tubules 
and lateral canals. 


e Also tne chemicals and medicaments used 
during periodontal therapy may cause pulpal 
damage, 


CHAPTER | 


Effects depend on remaining dentin thickness - 


if ihe remaining dentia thickness <2 dan 
ave to pulp would be place. 


IV- Endo-Perio lesions (theoretic pathways of 
osseous lesion formation) Fiz. | 


l- Primary endodontic lesions. 


2- Primary endodontic lesion with second- 
ary periodental involvement. 


3- Primary periodontal lesions. 


4- Primary periodontal with secondary 
endodontic involvement. 


ñi- Concomitant lesions. 
ñ- True combined lesions. 


l- Primary endodontic lesions: 





®» Endodontic lesions resorp bone apically and 
laterally and destroy attachment apparatus 
adjacent to a tooth witi a necrotic pulp. 


» Caries, restoration, traumatic injunes are the 
MOst COMMON CAUSES. 


+ Sometimes an acute exacerbation of a chronic 
apical lesion in a non vital tooth which may 
dram coronally through the penodontal 
ligament into tne zingival sulcus, thas mimic 
clinically the presence of a periodontal abse ess, 


° But actually these are lesions with narrow 
sinus tracts (the suppurative proccss may 
cause a sinus tract along the periodontal 
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Fig, 1] Endodontic and periodontal palhwavs 
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ligament space and open into the gingival 
sulcus). This sinus tract can be traced down 
lo the tooth apex where no increased probing 
depth otherwise around tne tooth. 


In mulorooted tecth the sinus tract can drain 
off into the fureation area and resemole 
a ‘through and through’ fureation deteet 
resulting from a periodontal disease. 


Radiozgraphically: Radiolucent area bul 


normal gingival solcus. 
Clinically: 


- Pain or asymptomatic with a history of 
acute exacercation. 


- Tenderness lo pressure and percussion. 
- Increased tootn mobihty. 


- Swelling of the marginal gingiva simu- 
lating a periodontal abscess. 


Negative pulp tests. 


Trealment, Rool canal lreaimenl without any 
periodontal treatment. 


Prognosis: Good if proper root canal 


Lrealment is done. 


lesion with secondar 





periodontal mvolvement 

When a lesion of endodontie origin is not 

treated destruction of periapical alveolar 

bone will progress to the interradicular area 

causing breakdown to hard and soft tissues, 

The accumulation of plaque and calculus 

will result in periodontal discasc and further 

apical migration of attachment. 

[Isolated deep pockets. 

The alfeeled tooth wath: 

-  Weerotic pulp or failed roct canal treatment. 
Plaque and calculus. 


Both 
retreatment and periodontal treatment are 


‘Treatment root canal treatment or 


required, 


Prognosis: If root canal treatment $ properly 
done, the prognosis depends on the severity 
of penodontal involvement and tne efficacy 
of periodontal treatment. 


2- Primary periodontal lesions: 


S-Looncomittant 


Periodontal disease begins in the sulcus and 
migrates to tie apex due to accumulation 
of plaque and calculus resulting in loss of 
alveolar bone and supporung periodontal 
soft tissues. This leads to loss of clinical 
attachment and periodontal abscess. 


Characteresties: 

- Wide spread generalized bony lesion. 

- Tooth mobility. 

- +¥c pulp testing. 

Treatment: long term periodontal treatment. 
Prognosis: Depends exclusively on the 
outcome of the periodontal therapy. 

Primary periodontal wita secondary end- 
odentic involyement: 





These lesions may be mdisunguisiaole from 
primary endodontic lesions with secondary 
periodontal involvement, 


Teetn with deep pockets, extensive 
periodontal disease and possitle history of 
past periodontal therapy. 

When the pulp becomes involved, patient 
reports accemualed pain and clinical signs 
and symptoms of pulpal diseases. 
‘Treatment: both: Root canal treatment and 
periodontal treatment are required. 
Proznosis: Depends on continuing peri 
odontal treatment subsequent to endodontic 
treatment. 


ulp and periodontal lesions: 





Both diseases exist but no evidence tnat 
elther disease has influenced the other 
(periodontal and endodontie problem with 
no communication). 


‘Treatment: Both lzsions muat be treated 


concomitantly. 
Promosis: Slightly betterthan true combined 
lesions. 


6- True combined lesions 


* Pulpal and periodontal diseases may oc 
cur independently in and around the same 
tooth, where merging of apical pulpal le- 
sion and progressive apical extension of 
penodontal pocket (endodontic and peri- 
odontal lesions coalesez) Fig. (2). 


. Treatment Root canal- treatment + peri- 
odontal treatment. 


. Prognosis: Poor prognosis. 





| Fig. 2) Truc combincd lesion 


A new endodontic-periodontal interrelationship 
classification , based onthe primary disease with 
Ik secondary effect, was suggested by Al For- 
zan in 2014: 


ik 


p 


Retrograde periodontal disease: 


a. Primary endodontic lesion with drainage 


through the periodontal ligament, 


b. Primary endodontic lesion with second 


ary periodontal invelvement., 
Primary perindontal lesion; 


Primary periodontal lesion with secondary 
endodontic involvement; 


Combined endodaatic-pertoacital lesion, 
tooth has a pulpless, infected root canal 


Yy 


l- Subjective siens and s 


2- Radiographic ndings: 


CHART RR 


sysiem and a coexisting periodontal defect. 
An atternpt is made to identify the primary 
cause of a combined lesion but this may net 
always be possible. 


iatrogenic periodontal fesrans. Lesions 
produced 

a. Root Perforatiois 

b. Coronal Leakage 

Cc. Dental fipurtes or Trauma 

d. Chemicals Used m Denttsiry 

E Verheai Root Fractures 

Differential diagnosis of endodontic 





periodontal lesions 


l- Subjective signs and symptoms. 

2- Radiographic findings. 

3 Clinical tests. 

Mploms: 
little 





* When 
Periodontal disease 13 a chronic and 
generalized process, 


there is br HO pal 


* While acute pain requiring analgesics 1s 
associated with pulpal and penradcicular 
lesions. 





* Periodontal disease ws yeneralized and 
associated with angular bone loss,causing 
bone resvrplion in acervical lo penapical 
direction, 

* Periapical lesions result m damage of 
the apical periodontium and may extend 
cervically. 


3- Clinical tests: 


a. Pulp testing. 

b. Periodontal probing. 
u. Palpauon. 

d. Percussion. 

e. Visual examination. 
f.’Lracing of sinus tract. 
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Pulp 
tasting 


Perfo = 
involved 


teeth” 


| normal | 


Fig. 3. Diagramatic representation of response to pulp testing 


Primary 
Periodont 
al lesions 


response | 





a- Pulp testing: 
b- Periodontal Probing 


® Periodontal lesions: The defects are 
wide and don’t extend apically. 


® [Endodontic lesions: The detects are 
narrow and cxtend to apical foramen 
or openings of lateral canals. 


c- Palpation 
" In advanced stages 1s of no value. 
® In early staves may help. 

d- Percussion 


© Unreliable because both periodontal 
and endodontic lesions cause inflam- 
mation in the periodontal ligament. 


e- Visual examination 


© Teeth with primary endodontie le- 
sions are associated with caries, ex- 
‘ensive or Fractured restoration or 
tecth, history of trauma, attrition. 

© Teeth with primary periodontal le- 
sions are associated wilh plaque or 
calculus deposition as well as gener- 
alized gingivitis or periodontitis. 
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Table 1. Showing differential diagnosis be- 
tween pulpal and periodontal diseases: 


Perioconta. 


Pulpal 


Clinical 


Perioconta. 
m ecim 


: De22p or 


extensive 
Plaque‘ca’culirs 


Acer 


Etiology >ulp infection 


[Inoammation Clronig 





Mlultip.e. wide 


Pockets 
coronally 


Single, narrow 





Radiograph 


[ram [tena [Gee 


Bone loss Wider apically | Wider coronally 


Vertical bone 
bic Mo Yes 
0S5 


Periapical bone Radiolucent Not often related 


| Histopathology 


Junctional Noapieal 
epitheliam migration 


apical migration 





ST Apical (minimal Coronal flarger) 
tissue 
| Gingiva Normal Recession 


VIL Treatment aliernatives 
l- Endo-perio treatment. 


¢ When traditional endodontic and 
periodontal trea‘ments prove Insul- 
ficient to stabilize an affected tooth, 
the clinician must consider treatment 
alternatives which often consist of 
resection or regenerative approaches. 


2- Resective approaches.: 


e Focus on eliminating the diseased 
routs or teeth, 


* Root resection i the removal of a 
root, with accompanymg odonto- 
plasty before or preferably after end- 
odontic treatment. 








amputation 





Formerly it was used when root canal 
therapy was considered ‘ou difficull, 
but now its dications are restricted 
to multirocted tecti m which one or 
more roots cannot be saved. 


The indications for root resection 
ollen melude fbul are not limited tv} 
root Fracture, perforation, root caries, 
dehiscence, 
root resorption involving one root, 
incomplete endodontic treatment of 
a particular root, severe periodontitis 
atfectma only one root, and severe 
grade Wl or grade IH furcahion in- 
yolyement. 


fencsiration, cxternal 


Root resection is a technigue-sensi- 
tive procedure requiring: 


» A careful diagnostic process for 
selection of teeth that would 
likely be successful candidates 


> Meticulous interdiseiplinary treal- 
ment. Factors such as occlusal 
forces, tooth restorability, and the 
value of (ae remauuny Tools mus’ 
be examined before treatment. 


> A carefully constructed traat- 
ment plan 1s essential to the suc- 
cess of this resection procedure. 


( Treatment | 
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Regenerative approaches: 


Regenerative efforts are aimed at re- 
storing lost biologic structures. The 
concepts of guided tissue regenera- 
lion (GTR) or suided bone regenera- 
lion (GBR) have been used lo prou- 
mote Done healma after endodontic 
or periodontal suraery. 


the GTR barrier 


Theoreticall 





l. Prevents contact of epithelial and 
connective tissue with +e osseous 
walls of tne defect 


2. Protectma the anderlymg blood clot. 
3. Stabilizing the wound. 


When GTR is considered, the combimed 
endodontie and periodontal lesion prob- 
ably has the least favorable prognosis 
compared with cases having only a peri- 
odontal lesion. 


Many varictics of GTR membrancs arc 
available for clinical use: resorbable 
and non- resorbatle, but it 1s logical to 
use bioresorbable collagen and polymer 
membranes in endodontic surgeries 5e- 
cause there is often no need for a second 
surgery to retrieve the membrane. 


Se 
eae E ] 
~ ra : =, t ~ 
Endo & Resective Kegeneralive 
perio treatment approaches approach 
i # Me af = : 
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Hemisection 
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GBR 
(Guided bone 
| regeneration) 








GTR 
‘Guided tissue regeneration) 


GTR barrier 
Pravents contact of CT with 
osseous wal s of defect thus 

protects the underlyrig blood 
clot ard stabilizes the wound 


Fig 4. Differant trealment plans foe Endo-perio diseases. 
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CHAPTER REVIEW QUES TIONS 





l- What are the pathways of communication between pulpal and periodontal dis cases? 


2- Explain the effects of pulpal disease and endodontic procedures on the periodontium and the 
effects of periodontal disease anr. procedures on the pulp 


3- Identify the clinical . raciographic, weatment and prognosis of primary endodontic lesions 
4 Mention a new encodontic-periodonta interrelationship classification . 


S-  Describe briefly the treatment alienatives for teeth with endo-peno lesions’? 





. Garg N, GargA Textbook of Endocontics. st ed.JP. ; 314-322, 2007 


* DO, Glickman GN. Endodontic and Periodontal Interrelationships. In Hargreaves KM, Cohen 5 
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è Al-Fouvin KS. New classifuation of erblaonkeperiulonal lesinns. pa d Deni. Z020 4 9091079. 
doi LDTLSS201 4913173. Epub 201s Api Le. 


. Singh P. Endo-Perio Ditemma: A Brief Review. Dent Res] ,2011:8(1):39-47, 


e Jivoinoyici R, Sucia I, Dimitriu B, Perlea F, Bartok R, walita WE, Ionesca C. Endo-periocontal lesion- 
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Toe INICA ACL NICAL ENDOOCHTICS 


ROOt 
Resorption 


I] z TECHNICAL & CLINICAL ENDODONTICS 
Kahnam- Yeyin - = 


Postgraduate students should be able to 





1. Assess iaciderce and prevalence of different roct resorpton 


2, Compare diferant “oct rasaretion classif cations 


3. Dissuss molecular basis for rout resomtion (cells anu 
mec ianism! 


d, Discuss theories of res etante AWA Ist root resorption 
5O Assess accliany of in vivo (narkers) anc rerent racic opiral 


After reading this chapter, (CBCT, microCT, nano) ideatilication lor rao: reso-ptior 





the student should be able to 


Ü Discuss hypernplast r ront resnnpilirn 

7, Correlate managemen: of extoarnal ce-vical -oot resorpt on ts 
lleithergay classification 

8 Comparc niernal tunre ing root retoptiod versus internal 
rep acement roct -escrption 

9 Evaluate diffarent obturation techniques for nteraal roo 
resorptior cases 

LO. -valuate differant repair materials for -oot resorption cases 

[l. Assess arti-resarptive agents used for root resorptor 
ma aag sment 

L2. Discuss paricanular roct resorption -asiszactt sheet (PRS) 


L3. Correlate ADA proanosis classifization to managemen: of roo: 
res Or OT 


Şefin Hion 

Classifications 

Main eticlogy lor rostresarptian 
Diagnosis and differential diagnosis 
Treatment of root resorption 


‘al 
WO 
‘aid 
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ROOT RESORPTION 


Definition: 


Root resorption is a physiologic or a 
patologic process, which results m loss of the 
cementum and/or dentin of tne root of a tooth. 


Classification: 


Root resorption could be classified according 
to the site of origin into: 


l- Internal root resorption: affecting mner 
surtace of the pulp space. 


It can be subclassified into: 


a- Transient: self limiting that repairs by it 
self. 


b- Progressive (Inflammatory): ual pro- 
gresses due to presence of inflamma- 
tion, requiring continuous stimulation by 
infection. 


c- Replacement: in which the resorbed 


dentin is replaced by bone. 


2- External root resorption: affecting outer 
surface of the root. 


It can be subclassified into: 


a- Surface: small superficial cavities in 
cementum and outermost dentin. It is self 
limiting and heals by itself. 


b- Inflammatory: resorption reaches dentinal 
tubules that progresses due to presence 
of inflammation allowmg  possiole 
communication with the pulp. Itis generally 
related to the presence of bacteria. 


c- Replacement (ankylosis: in which the 
resorbed root surface is replaced 2y bone. It 
usually occurs m severe trauma disrupting 
and injuring the periodontal ligaments. 


Another classification of external rooi resurplion 
is according to its location in the root: 


c- Lateral 





b- Cervical 


Frank has delineated another type of cervical 
external root rcsorption: 


a- Apical 


He termed it “Exiracanal Invasive Resorption” 
lig (1) thatis divided to: 





“rank’s classitication of cervical external root 
resorption (external invasive root resorption} 


Hig. 1, 


i- Supraosseous lesion; adove crestal bone. 
il- Intraosscous lesion; below crestal bone 


Ill- Crestal lesion is at crestal bone. 


Main etiology for root resorption: 
Internal root resorption: 


Damage of protective odontoblast/ predentin 
layer, exposing the underlying mineralized 
dentin io oduntoclasis and micro-organisms, 


Damage of protective odontoblast/ predentin 


layer by: 


l. Pulpa!) metaplasia: this might be due to 
differentiation of giant cells in the pulp 
due to toxic materials or by the action of 
diathermy in the presence of sufficient 
vascular ced for resorptive process. 








2. Trauma: accidental blow or traumatic 
cavity preparation causes  intrapulpal 
hemorrhaze, The hemorrhage organizes 
forming proliferating granulation tissue 

the dentin walls. 


which compresses 


‘This causes disappearance of odontoblasts 
and predentin layer. Odontoclas's 
differentiate from the connective tissues 
and resorption bezins. Necrosis of the pulp 
might develop as the destruction secomes 
extensive and pulp communicates with oral 
fluid after perforation of the root, 


3. Inflammationémfsction of the pulp: caries! 
periodontal mfcetions, =xcessive heat 
during restorative procedures, Ca(QH)2 
procedures, vital root resections act as 
miggeongmechanbm io internalresurption. 





4. Endocrine dysfunction and TA 
disease: have been suspected as possible 
cause for internal resorption 





3. Herpes zoster: was linked to resorption in 
some cases. The Varicella - Zoster virus 
remains domuant in nerve ganglion [rom an 
earher chickenpox attack and can suddenly 
be reactive to infect fhe pulp. 


6, Idiopathic changes: Internal resorption 


occur due to unknown cause. 
External root resorption: 


cemen'oblastt PIM.” 
mincralizcd 


Damage of protective 
precementum layer, cxposin2 


cementum ‘o osteoclasts and micro Organisms, 


Damave of 


rotective cementoblast/PDL/ 
precementum layer is duc to: 


lL. [nfilamrnatiom Root resorption due to 
periapical inAammation is caused by pulpal 
involycmen’, where the pulp is cither 
necrotic or chronically inflammed, causing 
bacterial toxins and cell degradation 
products to start an inflammatory reaction 
which stimulate phagocytic and osteoclastic 
activity in penapical tissues. 





2. [nlectron: The presence of onerobes, de- 
crease pH in periodontium leadina to decal- 
cifica‘ion of bone and tooth. Root resorption 
was found three times more in periodontally 
affected teeth than healthy ones. 


forces 


Lad 


Orthodontic treatment pressure: 
exceeding the limit of the periodontal 
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resistance, denies tissues tine fo repair. 
This causes necrosis of periodontium. 
Macrophages in their attempt to remove 
the necrotic tissues releases prostaglandin 
which stimulate resorption. Fixed 
orthodontic appliances cause more apical 
root resorption than removable ones. 


4. Pathological (tumor or cyst): Tumor or cyst 
secrete local factors or provide mechanical 
stimulation (pressure) leadmg to root 
resorp‘ion as ‘he lesion expands. 


aed | 


lopaction: The impacted tooth compresses 
tie surroundma ‘issues, disrupts blood 
supply and stimulates resorption. 


6. Replantation: Root resorption followime re- 
plantation of avalsed tooth occur m 80-96% 
ofthe casce. It might be surtacc, inflamma- 
tory or replacement resorption. ‘To preven! 
it, replantation should be within 30 min af- 
ter avulsion and delay endodontic ‘treatment 
after replantation and splinting, as delaying 
replan‘ation risks periodontal cell death 


i. Chemical trauma: Acids and bleaching 
agents might leak from the pulp chamber or 
canal to the penodontal space via dentinal 
tubules. This leads to vitality loss in 
periodontium and inflammatory resorption. 


[xI 


Systemic: Root resorption might be caused 
by hypoparathyroidisin, Goucher’s disease, 
Tumer syndrome, calcinosis, Herps Zoster 
and other diseases affecting endocrine 
system and disturb normal physiologic 
calcium metabolism. 


5, Idianathic: Root resorption is associated 
with hemifacial atrophy (Parry-Romberg 
Syndrome), The active stage of the disease 
coincides with root formation period of ¿he 
permanent testh (rom the middle of the 
Prat decade into adolescent years) 


For External Cervical Resorption, damage of 
protective cementum layer at CEJ might be due 
to intracoronal bleaching, periodontal ‘herapy, 
dental ‘rauma, orthodontie treatment and 
idiopathic etiology. 


399 


396 


ROOT RESORPTION 


Diagnosis and differential diagnosis: 
1- Clinical signs and symptoms: 


Clinically internal and external root 
resorption are asymplomalic and only 
detected during rontine radiograph or 
clinical examination. Pink spot that was 
diagnostic for internal resorption was also 
found for external cervical reserplivon that 
needs further differential diagnosis to 
idenufy the condition. Sometimes external 
cervical resorption could be identified 
by probe calching, spontaneous profused 
bleeding on probing, sharp and thinned out 
cdges around the resorptive cavity. Pig. ( 2) 


2- Sensitivity testing: 


Internal root resorption usually occurs in 
ceth with vital pulps and gives a positive 
response to sensitivity testing. However, 
the pulp mignt have hecome necro‘ic after 
perforating resorption has taken place. 
External inflammatory resorption in the 
apical and lateral aspeets of Lhe rool involves 
an infected pulp space, so gives a negative 
response to sensitivity tests. While, cervical 
external root resorption 1s usually associated 
wilh posilive response lo sensilivity 
testina unless there 1s pulpal involvement 
(in advanced cascs). 


So to differentiate between internal and 
external root resorption is very challenging 
and needs radiographic cxamination, 


3- Rudiovraphic examination: 


Radiograph is essential for root resorption 
detection but smalier lesions are more 
difficult to idenufy than larger ones. Internal 
resorption has well dcfincd maram and 
the shadow of the pulp space fades out in 
the resorptive lesion, while external root 
resorplion has ragged margins and = the 
shadow of the pulp space passes unaltered 
through the resorptive lesion. Fig. { 3) 


They are better differentiated by mesial 
or distal Shift Technique as the internal 
resorption defect will not change position in 





fai 





Figy. 2 Pink sput a clinical Jiaynostie feature for internal 
resorption (4) that might be missdiagnosed 
with cervical extemal resorption (B). Cervical 
resorption might be clagnosed clinically by probe 
catching. 


Fiz, 3 Schematic crawing representing radiographic 
appearance of internal resorption (left side) ane 
extemal resorption (right side). 
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Fig, é. Mestal or distal X-ray shitt technique to diferentiale 
type of root resorphon. Internal resorption, the 
defect does not change postion with change im 
X-ray alpulalion {righi sile). external reserplion, 
the defect cimuves position (left side). 





Fie. 5. Radiograpiic appearance of tutorial resarpiion (A) 
and external resorption (C) that were confirmed 
byCBCT (B and D) respectively 


ra j ~ 
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ditterent angled radiographs as it is within 
the confines of fne root. While external 
resorption defect will change position as it is 
on the rool vuler surface superimposed over 
the canal Fig. (4). 


Internal resorption might be confused with 
dental caries. However, dental caries is less 
sharply defined than intcrnal resorption. 


Recently CBCT (Cone Beam CT) 1s very 
diagnostic and mors precise m ditterentiating 
between internal and external resorption as 
well as identifying the defect size and if it 
was perforating defect or not. Fiz. (3) 


Radiozraphically, in replacement external 
resorption, the root is not apparent with no 
periodontal space delination and replaced by 
bons frabeculation Fia. (6) 





hig. 6. A case of Keplacement vesorphon fankylosis). 


Clinically the tooth not fully crupted and 
radiographically the root 1s resorbed and replaced 
with bone 
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ROOT RESORPTION 


Treatment of internal resorption: 


L- Non-surgical endodontic treatment: 


Endodontic treatment 1s donc provided tnat 
the defect does not perforate the canal wall 
and the endodontic triad can be fulfilled. 


Problems faced and how to solve: 


l- Hemorrhage due to vital pulp which can be 
controlled by irrigation with 5.25% NaOCl, 
hemostatic agents vasoconstrictors. 
If bleeding cannot be controlled surgical 
approach should be done because of the 
possitility of perforation. 


and 


2- Remnants of pulp tissues in the inaccessible 
recesses contribute to treatment failure with 
a widened void inside the canal cannot be 
adequately instrumented. Ts defect needs 
ultrasonic debridement, irrigation with 
5.25% NaOCl to dissolve necroue pulp 
issue and Jong lerm Ca(QH)2 medication. 


3- Filling technique of choice should seal canal 
apical to the resorbed area with 2uttapercha 
by lateral or vertical condensauon. Then the 
deled is sealed wii Thermoplasticized 
injected warm guifa-percha as it gives 
an impression hke reproduction of the 
Irregularities of the root canal space. 


2- Recalcification with Ca(QH)2: 


Teeth with perloralmy reserplive delest of 
moderate size that do nol communicate will 
winwival sulcus or perioduntal pockel were 
successfully treated with long term Ca(OH)2 
recalcification. Ca(OH)2 powder mixed witi 
saline, disulled water or anesthetic solution 
to a thick paste was Found to promote nard 
tissue formation m small to moderate defects. 


Theories have been postulated to explain 
its biological activity and mode of action of 
Ca(OH)2: 

* One theory discussed ils high alkaline pH 
for initiating matrix formation oy formative 
cells slimulation. 


E Another theory postulated that a high 
pH neutralizes the acidic products of the 
resorptive cells creating an unfavorable 
environment for tiem. 


* [o addition the presence of Ca ions may 
aclivale ATPase which may enhance dental 
tissue mineralization. 


* Also, it has an antibactenal effect due to tts 
high pH, destroying microorganisms. 


Technique of application: 


After canal 
debridement with ultrasonics, tne canal apical 
to the defect 1s obturated Ca(OED2 is mixed 


wit Few drops of saline, distilled water or 


control of bleeding and 


anesthelic solution to form a thick pasle. Ti is 
then applied into the pulp chamber and root 
canal by endodontic pluggers to fill the canal 
and the defect completely. Post operative 
radiographis essential at this step. The patient is 
recalled in 6 weeks for another filmand dressing 
change. The procedure should be checked at 3 
months intervals with radiograpric and clinical 
examination. Repair might be onserved from 6 
months up to 20 months post-operatively Repair 
is by deposition of cementum like or osteoid like 
tissue at site of the defect. 


3- MTA application: 

Recently m perforated cases MTA (mineral 
Lrivxide agvregale) is recommended lo seal 
Lhe perforation through ihe root canal either 
by MTA filling totally the canal along with 
perforative resorptive defect or the canal 
apical to the resorption defect is obturated 
with gutta-percha, and then the resorption 
defect and associated perforation are sealed 
with ATTA. MPA 18 the most recommended 
fillm2 to seal such defects for its setting 
In presente of moisture or blood, biv- 
compatibility aud mgh alkalinity allowing 
for hard tissue repair, 
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4- Surgical (realment: 


When non surgical approach and 
recaleificulion requirements can not be mel or 
have been unsuccessful, a surgical approach 1s 
required to correct the defect. This approach is to 
expose and seal the resorptive defect surgically. 
MTA 13 the most recommended filling to scal 
such defects. 


Indicalions [or surgical [reaiment: 

* Alteredanatomy of root apex by the resorptive 
PIULess., 

* Uncontrollable bleeding from the perforation 
defect. 


* Perforation near or at the epithelial attachment 
where recalcification cannot be used. 


+ Unsuccessful recalcification, 


5- When internal resorption defect occurred 
in an inoperable site or has rendered 
the tooth untreatable or unrestorable, 
the availahle treatment options are root 
resection, intentional replantation or 
extraction. 


Treatment of external resorption 


It is imperative in all diagnosed cases of 
external resorption to remove resorptive tissue 
and the cause if still present. 


External cervical resorption 


It as usually due to trauma, bleaching, 
replanted and ankylosed teeth, or consequence 
of ortnodontic treatment. AS it may be a 
consequence of bleaching the following steps 
are essential to minimize its probability: 


l- Protect the dentmal tubules by placmg a 
layer of cement over the guttapercha at-the 
cervical line to prevent ingress of bleaching 
materials through dentinal tubules. 


2- Eliminate the use of heat of thermocatalytic 
procedure. 


3- Avoid etching of dentin as it opens dentinal 
tubules and lead to direct path to the gingival 
tissues, 
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d- Beware of the caustic nature of Superoxol, 


The treatment of such case depends on 
position of the defect in relahon to epithelial 
attachment: 


1, If accessible defect {above or at the epithe- 
lial attachment), resorptive tissue should ze 
curetted from the defect. 


2. The 90% trichloracetic acid should be 
topically applied to resorptive defect after 
protecting adjacent soft ‘issues with glycerol. 


Glass lonomer cement svould be used to 


Lua 


restore the defect. 


4. Elcetive endodontic treatment in tic 
root canal fo gain access to decper and 
eneircling infiltrative channels or when 
resorptive defect mvolve or approximate 
pulp. |.edermix paste intra-canal dressing Is 
recommended, followed hy obturation. 


5. If inaccessible resorptive defect (below epi- 
thelial attachment), expose ‘he resorptive 
defect by orthodontie extrusion or surgically 
with full-thickness periosteal fap periodon- 
tal flap reflection, to allow complete access 
for curctting of the rcsorptive lesion and de- 
fect restoration. Elective cndodon‘ic treat- 
ment might be donc as above. 


6. Leaye untreated and monitor, 


-l 


Lesions thal are nol amenable lo treatment, 
should be extracted and replaced with an 
im plant. 


8. Infection induced communicating 
(perforating) external- internal resorption: 


Endodontic treatment to the affected tooth 
is needed. Induce re-calcification Dy use of 
calcium hydroxide alone or following careful 
topical application of 90% trichloracctic acid. 
ProRoot MTA may also be used to restore the 
defcet conventionally or surgically. 


The surgical restoration of resorptive defect 
of extemal cervical resorption can result in a 
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ROOT RESORPTION 


clinically compromised conditions, Restoration 
of tneresorptive def ect results in the development 
of a periodontal pocket because the tissue cannot 
attac to the filling material, A recent study 
reported a high success rate with the application 
of GTR techniques (Guided tissue regeneration) 
for the treatment of cervical resorption. The 
idea beyond this technique is that if permits the 
zrowth of new attachment into the defect. 


Tne American Academy of Periodontology 
nas defined GTR procedures as those used to 
regenerate lost periodontal structures through 
differential tissue response: 


The best results occured when periodontal 
hgament cells populate toe root surface first as 
deal new connective issue allachment develops. 


IF cells from the gingival epithelium meet the 
root surtace, root resorption oecurs. 


If bone cells come in contact with the root 
surface, root resorption and ankylosis occur. 


Lateral root resorption. 


Luxalive injury is a major cause Cor external 
rool resorplion on lhe lateral aspect of the rool. 
Intrusion trauma produces megher incidence of 
extemal resorplion than other luxauve injuries. 
Two types of lateral resorption exist: non 
perforating and perforating. In non perforating, 
and ils cause Crom inside lne pulp (pulp necrosis), 
non surgical endodontic ealrment wilt: CafOH}2 
dressing 1s needed and follow up. 

In perforating lesions, the external resorption 
reaches dentm and perfnrates the root canal, 
with Calli? should ne 
attempted after canal debridement to stop 


recalciication 


destruction process and stimulate repair by 
deposition of new tooti structure. Tris 1s 
followed up every 3 months up to 2 years, 
clinically by direct examination through tne 
access and radiographically for evidence of hard 
uissue repair. When a physical barrier has been 
esla plished, the defect is filled wilh gullapercha, 


If it was non perforatinz and caused 3y other 
causes not from the pulp, or recurrence oecor 
after cndodontic treatment or recalerhication, 
surgical treatment is needed wita MT Ato restore 
the defect. Other materials used to seal the defect 
as amalgam, IRM, Cavit, composite resin or 
glass lonomer. 





If it was ircstorable or inacecssible for 
treatment, extraction 18 necded. 
Periapical inflammation may result in 


apical root resorption. Non surgical cndodontic 
treatment with apical stop formation during 
cleaning and shaping 1s needed against which 
guttapercha i condensed. ‘Ihe removal of 
necrotic pulp should be followed by imtra-canal 
mecdicalion with Ledermix paste. If resorption 
is severe inverted cone or tailor made lechmique 
are indicated. If resorption has enlarged the 
apical portion of the canal precluding proper 
Instrumentation and sealing, apical closure 
techniques (recalcification with long-term 
Ca(OH)2 or apical barrier with MTA) should be 
used. Root canal obturation when resorption 13 
controlled. Usually non surgical treatment is the 
Initial approaen for cxternal resorption. When 
recall radiographs at 6 montas or lycar show 
continued resorption or persistent periapical 
patiosis, apical surgery should be performed. 


Prevention, following replantation of mature 
tooth could ne donc by pulp cxtipation and 
[.cdermix paste dressing as soon as possible. 


Intracanal medications used in inflammatory 


root resorption: 

Ledermix, an antibioticfcorucosteroid paste 
has been shown to be effective in treating 
Inflammatory resorption by mnhibiting the spread 
of dentinoclasts. [ts release and diffusion nas 


been enhanced when used in combination with 


Cu(OH)2. 


inhibit 


was studied tp 


Calcitonin, a hormone known +o 
osteoclastic bone resorption 
evaluate its effect on root resorption. Histological 
results showed that calcitonin was an effective 
medication for the treatment of inhammatory 
root resorption and could 5e a useful therapeutic 
adjunct in difficult cases of extemal root 
resorption. Calcitonin 1s applied as a root canal 
dressing that passes via the dentinal tubules 


directly to the external cervical resorptive lesion. 


Some olher potential medicaments used 
with this method are osteoprotegerin and 
bisphosphonates, 
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jlacement resorption treatment: 


(ankylosis) 


Mature tooth in normal occlusion: 


Leave and monitor for ultimate implant 


replacement. 


Mature/immature tooth in infra-occlusion: 


l- Surgical reposition with root surface 


treatment with Emdogain. 


2- Decoronation and submerge to maintain 
alveolar growth. 


3- Vertical distraction. 
d- Prostneue elongation. 


5- Implant therapy, if necessary, when alveolar 
growth completed. 





CHAPTER REVIEW QUESTIONS 


I. Deine and classity (ypes of root resorption, 
2. Describe causes of external root resorption. 


3.00 Describe causes of internal roat resorption. 


4 Differentiate diagnostically between internal and external root resarption. 


5. Describe appropriate treatment strategies for internal root resorplicn, 


(G. Describe appropriate treatment stralegies for external root resorption. 
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Postgraduate student should be able to: 


1. Dese-be the sner al featuves of encloclontically treated 
leelh, 


2 Evaluate ercloclontically treated leeth prior to trealment 
Haining 


3. Select the appropriate restoralive techniques and materi- 
als for erdodantically l‘eated teeth restorative options. 


d.  Anayze the special fealures of encaciontically tealecd 
leelh. 


After reading this chapter, 5, a eradodortically treated teeth prior to regiment 
(m 


the student should he able ta 





G. Select the appropriate restorative techniques and materi- 
ale for endodentica ly treated teeth resloratwe options. 
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Introduction 

Scecial features of endodor tically treated teeth 
?retreatment evaluation. 

Xeslorative materia s ancl opt ons. 

J rect composite resto-ations 

neirsct restorations 

ull crown 
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RESTORATION OF THE ERDODONTICAL_LY TREATED TEETH 


he strecture and composition of teeth 

are perfectly adapted to tne functional 

demands of the mouth, and are superior 
in comparison to any artificial material. 


Objectives of endodontic treatment: 





The ob‘ectives of endodontic treatment are to 
render (ie alfecled tooth; 


« Phologically acceptable. 

« Symptom free. 

« Functioning without a diagnosable 
pathosis. 

- Endodontic therapy is fof considered 
complete, unless the coronal part of the 
tooth returns to occlusion and performs 
complete functions of normal tecth. 

- Thes maintaining a coronal seal and 
placing of a definitive restoration should 
be considered an essential component of 
successful endodontic treatment. 


[- SPECIAL FEATURES OF ENDODON- 
TICALLY TREATED TEETIL 
Forming a unique problem of its own, an 
endodontically treated tooth usally requires 
different restorative irealmment [Tem vital 
tooth as if is structurally different and 1s 
characterized 2y; 
1. Loss of tooth structure. 
2. Altered physical characteristics. 


3. Altered esthetic characteristics. 


1. Loss of tooth structure. 

Resulting from the combined effect of: 

a- The prior disżase and dental procedures: 
Caries, fracture or dental procedures 
including tooth preparation and restoration 
(the literature reported 20% to 63% and 14% 
lo 44% reduction in woth suffness following 
occlusal and MOD cavity preparations, 
respectively) . 

o- The 9 endodontic rocedures 
preparation, root canal preparation): 


(access 








Tooth 1s weakened at the cementoenamel 





junction from removal of dentin during 
cndodontic treatment: 


i, Endodoniic access mto the pulp chamber 
(deroofin?) destroys the structural 
integrity provided by the coronal dentin 
of the pulpal roof resulting in greater 
flexing of the tooth under function. 


H, Root canai fastrumeniation removes 


dentin. 

The decreased volume of toota structure 
from the combined effect of the prior 
disease and dental procedures and 
endodontic manipulation create a 
significant potential for fracture of the 
endodontically treated tooth. 


2. Altered physical characteristics. 


- Remaining tooth structure after root 
canal treatment shows allered physical 
characteristics. Changes in colagen 
cross linking and denydration of dentin 
resull m a 14% reduction in strength and 
toughness. 


Root canal irrigants (NaOQCL) and che 
lalors lke (EDTA; eltivlene diarunetel- 
raacetic acid) interact with root dentin. 
Sodium hypochlorite (NaOCl) is pro 
teolytic so it interacts with the dentin 
organic contents while chelators interact 
with the mincral content of dentin thus 
reducing elasticty, flexural strength and 
micro-natdness of dentin, 
3 Altercd esthetic charactcristics. 


Darkening of endodontically treated teeth 
lig. (1}18 a common clinical finding: 





Fig. |. Darkening of endodontically treated tooth 


a- Biochemical changes m dentin, modity 
light refraction through the tooth, 
modifymy Us appearance. 

b- The endodontic technique may 
contribute to discoloration through: 

o Incomplete debridmcnt. 

© Intra canal medicaments . 

o Inadequate removai of root canal 
filling materials. 

c- Effect of drilling and pulp removal 
and changes in tooth composition and 
thickness. 

Summary: 


The common clinical findings of root canal 
treated tecth are: 


0 


D 


Decreased translucency. 
Increased fracture susceptibility. 


Immediate restoration of the 
endudontically treated teeth is required 
and the only reason ‘o delay the 
permanen’ restoration 15 a questionable 
prognosis where failure would Icad to 
extraction. 


IH- PRETREATMENT EVALUATION 


Before any therapy is initiated, the tooth 
must be thoroughly evaluated to ensure treatment 
success, this includes. 


Endodontic Evaluation. 
Periodontal Evaluation. 
Biomechanical Evaluation. 
Esthetic Evaluation. 


Endodontic Evaluation: 

The prerestordative zxamination should 
include an mspection of the quality of 
existing endodontic treatment, 


New restorations especially complex 
ones should not be placed on abutment 
teeth with questionable endodontic 
prognosis. 


+ 


Evaluated endodontically treated tooth 
should exhi sit: 


No sensitivity to percussion o: biting 
pressure. 

No sensitivity to palpation. 

No sinus tract. 

No periodontal probing deeper than 
3 mn. 


No cvidenec of active inflammatory 
disease. 

No radiographic 
periodontitis. 


signs of apical 
No radiographic evidence of: 
Root canal obturation deficiencies 
‘under or over). 
Poorly mstrumented or condensed 
canal; improper cleaning and shaping. 


Untreated (missed) canals. 


Otherwise cetreatmenut is todicated 


- 


Ifa post is to he used so canals ohturated 
with silver points or other inappropriate 
filling material (as paste) snould be 
retreated . 


Periodontal Evaluation: 


Maintenance of periodontal health is 
also critical to the long term success of 
endodontically treated teeth. 


The pezodontal condition of the tooth 
must be determined before the start of 
endodontic ‘treatment and restorative 
phase. 


The following conditions are critical for 
IrediMent SUC SSS: 
* Healthy gingival ‘issues, 


s. Normal bone architecture and 


attaciment level . 

© Maintenanes of the biological width 
and fercnle effec’. 

Feriodontal disease should be treated 


before the placement of covonal 
restoration. 


CHAPTER ( 20 | 


405 


406 


RESTORATION OF THE ENDODONTICALLY TREATED TEETH 


Biomechanical Evaluation: 


The initial decay or trauma and the 
root canal therapy, influence the 
biomechanical status of the tooth and 
the sclection of the restorative matcrials 
and procedurcs, 


Important factors include: 


The amount and quality of the remaining 
tuolh structure which are morz important 
to the long term prognosis than any 
restorative material properties. 


The anatomic position of ‘he tooth 
Anterior; esthetic or posterior; functional 


The strategic importance of the tooth 
should oc cvaluated (maxillary canine, 
molar), 


The occlusal forces on the tooth; which 
are affected by: 

Type of occlusion: normal occlusion, 
open bile, cross vile deep inlercuspalion. 
Type of opposing occlusion: natural 
teeth, partial or fixed pros‘hesis. 
Anticipated future loading on tis tooth 
and whether itis going to be an individual 
unit. A part of a complex removable or 
Axed prosthesis and tie amount of shear 
and horizontal forecs on the cervical arca 
as in cares of (abutments and removable 
prothetic clasps). 


The restorative requirements of lne tooth 


Esthetic Evaluation: 
Thin gingiva may transmit a shadow of 
the dark root color through the tissue. 


Mictal, 
can result in unaceeptable gingival 


carnon or amalgam dowcls 


discoloration. 


Tae translucency of all-csramic crowns 
must be considered in the selection of 
dowel and guild-up materials. 


IH, 


a) 


RESTORATIVE MATERIALS AND OPTIONS 


Restoration of endodontically treated 
teeth should be designed to: 


Replace the missing tooth structure. 
Protect the remaining part from fracture. 
Prevent reinfection of root canal system. 


Several important considerations affect 
the plan of treatment to restore endndon- 





tically treated tooth such as: 

The amount of remaining tooth structure 
(which affect the long term prognosis of 
the tooth more than any properties of 
post, core or crown materials). 


The anatomic position of the tooth. 
The functional Joad on the tooth. 


The esthelie requirements. 


Although the use of a crown built on 
pos’ and core is a traditional approach, 
others have advocated ‘he use of direct 
composite resins for restoring small de- 
fects in endodontically treated teeth. 


More recently, mdirect restorations 
such as overlays or endocrowns made of 
composite resins or ceramics have also 
been used, 


Direct Composite Restorations 


When properly cured, resin composites 
are highly aesthetic, exhibit nign me- 
chanical propertics, and can reintmres the 
remaining tooth structure ‘through bond- 
ing mechanisms. 


The shrinkage that accompanies polym- 
crization of contemporary composite res- 
ins remains a significant problem to the 
long-term success of these restorations. 


The amount of shrmxage will depend 
on: 


The shape ofthe cavity preparation 


b) 


ka 


The ratio of bonded to unbonded (or 
(rec) surfaces. This so-called C -factor a 
clinically relevant predictor of the risk 
of debonding and leakage; resloralions 
wilh high C-factors (> 3.0) areal greatest 
risk [or debomling. 


A. direct composite restoration may be 
Indicated when only one proximal sur- 
face of the tocth has been lost 


Using an incremental filling technique ts 
mandatory to reduce shrinkage stresses 
dunng polymerization. 


Classically, direct composite restora- 
tions have been placed in anterior teeth 
that nave not lost tooth structure seyond 
the endodontie access preparation. 


Althoug 1 direct composite resins may 
also be used for small restorations in 
posterior teeth, they are contraindicated 
when more than a third of coronal tissue 
has been lost. 


Indirect Restorations: Composite or 
Ceramic Onlays and Overlays 


Ceramic or resin composite onlays and 
endocrowns can also be used to restore 
endodontically treated teeta. They al- 
low for conservation of remaining tooth 
structure rather than a full crown. 


Overlays incorporate a cusp or cusps by 
covering the missing tissue. 


Endocrowns The endocrown B a re- 


storative option for endodontically 
treated teeth Fig. (2). [t comprises a cir- 
cumferential sutt maram and a central 
retention cavity inside the pulp cnamber 
and constructs both the crown and core 
as a single unit. This approach utilizes 
the surface available in the pulp cham- 
ber to ensure the stanility and retention 


of the restoration. 


es ee "ai N 
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Material used: 


Ceramics are a material of choice for 


long-term aesthetic indirect restorations 
because their translucency and lizht 
transmission mimic enamel. New mate- 
rials either are variations of feldspathic 
porcelains (e.u, In- Ceram, Ceree, IPS 
Empress) or may be fabricated from 
olier ceraint systems, Including alu- 
mina, zirconia, or silica. Among these 
newer compositions is lithium disilicate, 
which offers mga strength, high fracture 
toughness, and a high degree of translu- 
cency. Physical properties of these ma- 
terials nave improved to the point where 
they can survive higi stress-bearing 
situations such as posterior restorations 
In endodontically treated tecth. 


Onlays, overlays, and endocrowns can 
also be fabricated from resin compos- 


ites processed in the laboratory. 





Big. 2. Endocrown 


SluKhes showed thal 
for poslerior leelh was the only variable 


Cusp COvVETAHE 


ihal ensured long term success and that 
the meience of fracture was six limes 
more for posterior endodontically 


treated teeth without cusp coveraae. 
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t. Full Crowns 


When a significant amount of coronal tooth 
structure has been lost by caries, restorative pro- 
cedures, and endodontics, a full crown may be 
fhe restoration of choice. 


The crown can be directly nuilt on the remaining 
coronal structure or the cementation cf a post 
inside the ropt canal might he necessary to retain 
the core material and the crown 


Hecause most endodontic sealers do not com- 
pletely seal the root canal space, the coronal seal 
provided by the placement of a post and core will 
posilively influence the outcome of Lhe endodon- 
tic treatment. Finally, the luting material used to 
cement the post, the core, and the crown to the 
tooth will also influence the longevity of the res- 
toration. The post, the core, and their luting or 
bonding agents together form a foundation res- 
forafion to support the mature crown. 


The Foundation Restoration: 
General Considerations 


As a general rule, the more tooth structure that 
remains, ihe beller the long-term prognosis of 
(he res‘oralion. 


The coronal ‘oo’h struelure located above 
the gingival level will help to create a ferrule 
Fig (3). The ferrule is formed by the walls and 
margins of the crown, encasing at least 2 to 3 
mm ofsound ‘tooth structure. A properly execut- 
ed ferrule significantly reduces the incidence of 
fracture in endodontically treated teeth by rein- 
forcing the tooth at its external surface and dis- 
sipating forces ‘ha! concentrate at the namowest 
cireummlerence of the tooth. A longer ferule in- 
creases fracture resistance significantly. The fer- 
rule also resists lateral forees from posts and le- 
yeragze from the crown in function and increases 


the retention and resistance of the restoration. 





Fig. 3. Ferrule 


fo be successful, the crown and crown prepa- 
rattan together mnst meet five requirements: 


l. The [emule (dentin axial wall height) must 
he at least 2 to ‘3 mm. 


The axial walls must be parallel. 


moh 


The restoration must completely encircle the 
tooth. 


4. The margin must ve on solid tooth struel ure. 


5. The crown and crown preparation must not 
invade the attachment apparatus. 


Fost 
l- Delinitiom 


It is a rigid matcrial placed in the radicular 
portion of a structurally damaged tooth in which 
additional retention is needed for the core and 
coronal restoration. 


2- Ideal requirements of a post: 





a. Provide maximum retention of the core 
and crown. 


b. Easy to place. 


Less technique sensitive. 


on 


Have hich strength and fatigue resistance. 


e. Be visible radiographically 


“see a 


Biocompatible. 
Easily retrievable when required. 
Esthetic when indicated. 


Availatle and mexpensive. 


Classi ‘ication of posts: 


yii. 


Els 


Prefabricated . 


Custom made. 


Prefabricated posts: 


Classified according to material or shape. 


According to material they are classified 


Metal - 

Gold alloy 

[lish platinum alloys 
Co-Cr-Mo alloys 
stainless steel 
Titanium and titaniim alloys 
Carbon iber posts. 
(hiartz finer posts. 
Alrconia postss. 
Glass fiber posts. 
Ceramic posts. 
Plastic posts 


The maim advantage 1s the simplicity of 
the technique. 

Usually designed to maleh with suecil 
drills for canal preparation Defore post 
insertion. 


Prefabricated posts can also be classijied 
according to shape into: 

Parallel-sided. 

Tapered. 

Both can be smooth or serrated or threaded 
The root canal ling material is removed 
and the canal is enlarged in siza using 
the rotary mstrument that corresponds to 
the dimension of the selected post, 
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Fiber Posts 


A [Loer posl consisis of reinforcing fibers embed- 
ded ina resin-polymerized matrix. 


Common fibers in today’s fider posts are made of 
carbon, glass, silica, or quartz. 


The original fiber posts consisted of carbon fi- 
bers embedded in epoxy resin, but quartz-fiber 
posts are currently preferred for their: 


1. S‘avorable mechanical properties, 

iL «Aesthetic qualities, 

il. Ability to chemically bond to the polymer 
matrix, 


Current fiber posts are radiopaque and may also 
conduct the light for polymerization of resin- 
based luting cements. A light-transmitting post 
results in better polymerization of resin compos- 
iles inthe apical area of simulated rool canals, as 
measured by hardness values, 


lt is generally accepted that bonding fiber posts to 
root canal dentin can improve the distribution of 
forces applied along the rool, thereby decreasing 
the risk of root Fracture and contrinuting to the 
reinforcement of the remaining tooth structure, 


A well-adapted adhesively cemented fher post 
is considered the most retentive with the least 
slress generated on the canal walls. 


Zirconia posts 

Zirconia posts exhibit a nign flexural strength, 
Alcona posis are aeslneuc, partially adhesive, 
rigid, ut also brittle. 

Zirconia posts cannot be etched, and available 
litarature suggests tnat bonding resins to these 
materials is less predictable and requircs aub- 
stantially different bonding methods than con- 
ventional ceramics. When a composite core 1s 
built on a zircoma post, core retention may also 
be a problem. 


Overall, there are concerns about the rigidity of 
Zirconia posts, which tends to make those posts 
too brittle. Other reports mdicate that the rigidity 
of zirconia posts negatively affects the quality of 
ihe interface between lie resin core material and 


409 


410 





dentin when sud jected to fatigue testing. 


b. Custom made posts: 


i. Custom cast metal post and core. 


ll. Ceramice custom made posts and cores. 


Factors to be considered in post aud core 





[- Retention and resistance form, 
Ii- Preservation of the tooth structure. 


l- Post retention: refers to the ability of 
fhe post to resist vertical distodeing 
forces, tt is affected by. 


a) Post length. 
b) Pos: diameter. 
c) Post design and taper. 
d) Luting agent. 
€) Root curvature. 
a) Post length should be Pig. (4). 





Fip. 4. Posi lenpili 


2/3 of tne length of the remaining root. 


- Eyualto or greater than the crown lengt: 
of the restored tooth. 


b} 


d) 


g) 


a) 
b) 
c) 
d) 





AT LEAST 3 MM OF GUTTA 
PERCHA SHOULD BE RETAINED 
APICALLY TO ENSURE 4 GOOD 
SEAL 


Post diameter 
Post diameter sould not exceed |/? the 


root diameter otmerwise the tooth will 
become weaker, 


It is advisable to maintain a minimum of 
| mm of sound dentin around the post. 


Post design and taper 


Parallel sided posts are more retentive 
than tapered ones. 


Threaded pos‘s are more retentive than 
serrated which are better than smooth. 


Luling agent 


Cement selection in case of structurally 
compromised teeth is of special 
importance because functional forces 
cause strain against crown margins with 
posstole failure of (ne cemen bond. 
Crown cemented with resin cement are 
more resistant to Coree-related Failure 
than resin modified glass tonomer or 
Zinc poaosphate cements. 


Roo Curvature: 


When present, post length must be 
limited as the post should stop before the 
beginning of the curvature to preserve 
remaining dentin, helping to prevent 
root fracture or perforation. 


Post resistance refers te the ability of 
the post ana the tooth to withstand the 
lateral and rotational forces and it is 
affected DY! 


Post length 
Antirota‘ional groove 
Rigidity 


civole preparation 


TECHNICAL & CLINICAL. ENDOSONTICS 


Timing of post space preparation: 


- tis agrecd taat removal of gutta-percha at 
[ne same visit of obturation may disturb the 
apical cement seal. So a second visit may 
he appropriate after setting of the root canal 
filling for post preparation and placement. 


Creation of post space: 


- oth rotary and hot hand instruments can 
be used safcly torcmove guttapcrena wien 


3 mm is retained apically, 


Root selection of multirooted teeth: 


Premotars: 


When posts and cores are needed in premolars, 
posts are best placedin the palatal root of the 
maxillary premolar, 


Molars: 

Most appropriate roots for posts are roots with 
grcatcst dentin thickness and the smallest 
developmental root depressions. Tie primary 
roots in maxillary molars are palatal roots 
and the distal roots inthe mandidular molars. 
The facial roots of maxillary molars and the 
mesial root cf mandibular molars should be 
avoided il ai all possible. 


Luting Cements 
A variety of cements have been used to 
cement endodontic posts and this includes 
traditional cements, glass lonomer cements, 
and resin-based lutins cements. 


Self-Adhesive Cements 
More recently, self-adnesive resin cements 


have been introduced as an alternative tn 
conventional resin- based luting cements. 


Core 


- Definition: Tne core is a restorative 


material that replaces the missing 
coronal structure and retains the final 
crown, 


- The allaciument belween the Loot, the 
core and tae dowel can be mechanical, 
chemical or both. 


FEHN CALA CLINICA- eB el Be 
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- Pins, grooves can be placed in dentin 
in order to improve core retention and 
resistance to rotation at the expenses 
of ihe tooth structure, so Wo used dentin 
removal must be kept to a minimum. 


Desirable physical characteristics of a core: 
* High compressive strength. 
» Dimensivnal stability, 
© Ease of manipulalion. 
* Snort setting ume forcement. 


* An ability to bond to both the tooth and 
tne restoration. 


* Biocompatability. 
Types of cores: 
i. Cast core (metal or ceramic,. 


2. Amal gain cores. 


Way 


. Composite restr core. 


. Glass fonomer core. 


u A 


Resin modifed glass fonomer cores, 


1- Cast core 


Advantages: 





l- The core is an inlegral exiension of the 
dowel. 


2- Tms construction avoids dislodgement of the 
core and crown from the dowel, 


Noble metal, base metal alloy and ceramic 
cores can be used. 


2- Amulpam cores: 
Advantages: 


l- High compressive strength and high modulus 
of clastieity 


2- Stable to thermal and functional stress, 
transmits minimal stress to residual tooth 
structure, cement and crown marzins. 


Easily manipulaled. 


T 


Amalgam cores are retentive when used as 
eoronal and radicular restorations or with 
preformed dowel in posterior teeth. 
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Disadvantage: 


Corrosion potential with sobscquent discolor- 
ation of the gingiva or remaining dentin. 


N.B; AMALGAM USE IS DECLINING 
WORLDWIDE. 


3- Composite resin core: 


- Tt exhibits favorableeaseof manipulation 
and very rapid set. 

- Recent adhesive dental technologies, 
Improved physical charactzristics of 
composite resin. 

4- Glass ionomer core: 

- Glass ionomer and glass ionomer silver 
core materials are adhesive (chemical 
bond) and possess an anti-cariogenic 
quality. 

- Moicroleukaye is less than vomposile 
resin or glass 1onomer resin. 

- Disadvantages: Soluble, sensitive 
to moisture, low strength and brittle 
because of low Fracture toughness. 

- (€Contraindications Thin anterior teeth or 
to replace unsupported cusps. 


5- Resin modified 


lass ionomer cores: 





Advantages: 
l- Exhibit properties of both glass ionomer and 
composite. 


2- Moderate strength. 
3- Adequate for moderate size build ups. 
4- Minimal microleakage. 


5- Solubility value between glass ionomer and 
composite resin. 


6- Fluoride release ts eyual tu glass tonemer 
and higher than composite. 


Disadvanta pe; 


They exhibit hygroscopic expansion which may 
cause fracture of ceramic crown, 





The final configuration of the fully restored 
tooth has 5 parts Fig. (4). 

lool 
structure, supported by tne periodontium. 


z The residual coronal and radicular 


- The post (dowel), located in the rwol, whien 
retain tne. core. 


- The vcore, located in the pulp chamber, 
which retam the crown. 


- The coronal resivralion, wiuen proiecis the 
tooth and restores function and esthetics. 


- The adhesive bonding agents or traditional 
luting cement, which joins the components. 


Apical 
seal 


mal coronal resluralion 


Fig. 3. Final form of the fully reslored tooth, 


IV. TREATMENT OPTIONS: 


®  Festorative treatment ranges from 
just sealing of the access cavity in 
Inlact teeth do the use of dowel, core, 
and coronal restoration in extensively 
damaged teeth. 


- Only core. 
- Post and core. 


- Core and full coverage . 
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Post, core and full coverage . 


- Endocrown., 
Teeth type Anterior teeth Posterior teeth 


Characlertslics Taree pulp space. Reasmable aminn! of tooth structure espe- 


Limited tooth structure especially at the cervi- cially molars. 


cal area. Cusp defection. 


Subject to great lateral and shear Forces. Premolars are subject to large lateral forces 





Pathetic s. tan imidars 





Maolars are subject to vertical forces 


Treatment - Intact marginal ridges and incisal edges ----| - Posterior teeth with two intact marginal 


Options -- dentin bonde composite. ridges -----..-.-.------ resin bonced composite 
- Discoloration, -------- nonvital bleaching or core Lin most cascs). 
with direct or nondirect veneers. - Posterior teeth with $2 tooth structure can 
- Large proximal caries, restorations under- he restored with encocrowns [ceramic or zon- 
mining the marginal ridges or fractured in- posits) 
cisaledge ---- Post, corz ane crown, - Premolars require post / core and cusp cower- 
- If an anterior endudontically treated tooth age (lateral forces). 
is to receive a crown, a posl isa must (latcral| - Molars require cusp coverage with or witi- 
forces). out post placement. 





CHAPTER REVIEW QUESTIONS 


lL. Describe the effect of encodentic treatment on the tooth, 


2. DLetore any therapy ls initiated. the endodontically treated tooth must be thoroughly evaluated to ensure 
Treatment SHICCESA. THs cuISS. 


3, Whatare the factors considered in post and core design ? 


4. What are the treatment options for anantcrior tooth with root canal treatment” 





* Hargreaves KM, Cohen S. Pathways of the Pulp. [L"ed. Elsevier. 2016. 
e Ingle JL, Bakland LK, Baumgartner JC. Ingle’s Endodontics 6.6" ed. BC Decker [ne.,2908, 
a Textbook of Endodontics: Garg N, Garg A. 1" edition 2097 JAYPEE 


a Lin U, Chang Y, Pat Ù Evaluation of fatlure risks in ceramic restorations for encodontically trealed 
premolar with MOD preparation. Dental materials 20i l1; 27 (5): 451-438, 


n Mamoca F, Cowie J. Restoration ofendodontically treated teeth, Br Dent 1.2014 Mag2l&óka4l-6. 
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Bleaching of 


Discolored leeth 


ENDODONTICS 





EEA eet 
Me nae 


The postgraduate student should be able to; 


1. Irterpret the effect of intracoranal slsaching 
agents On tact Structure. 


oe Analyze endodont cal v recated disco orations, 

3. Appraise Ihe effect of sifferert andodanlir sea ers 
on the outcome of bleaching. 

4. Crilicize dHebalas relalerd ta Ihe different lyoes of 
v lal and qon-vilal bh eaching lechnigues. 

T: Outline factors allect neg bleachirg 

6, Assess the potesatial adverse effects of internal 





After reading this chapter, bleaching ang their prevention. 


the student should be able to | 


Causes of discoloration 
Natural or acquired discolorations 
Pale recrasis 
Intrapuival hemorrhage 
Calcif e metamorpios s 
select tr | AEC 
l j Developmental cerects 
latrogenic discoloration 
Padociontically related stains 
Coronal restoration 
Bleaching materials 


Bleaching mechanism 

Bleaching techniques 

`  Intracoronal bleaching techniques 
Thermocatalytic technique 
Liltraviclet photu-ox idatior 
Wal<irg bleach 
F nal restoration 
Complications 
Extracoronal bleaching techniques 
In office extracororal bleaching 
At- home bleaching (mouth guard) 
Comoalicatons 
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BLEACHING OF DISCOLORED TEETH 


ooth discoloration is deined as any 

enange inthe hue, color, ortranslucency 

of a tooth that may be induced by 

intrinsic stains mcorporated in tooth 
structures and or extrinsic stains deposited on 
tooth surfaces. 


Discoloration of anterior teeth 15 cosmetic 
prodlem that is often signiicant enough to 
induce patients to seek corrective measures. 
Althougn reslorauve methods are available, such 
as crowns and veneers, frequently discoloration 
ean be corrected totally or partially ov bleaching. 


Bleaching procedures are more conserva- 
tive than restorative methods, relatively simple 
to perform and less expensive. Procedures may 
be intemal (within the pulp chamber) or extemal 
(on the enamel surface). Before attempting to 
correct discoloration, a diagnosis must 2e made 
(determine the cause and Incation of tne stain), 
treatment planning must be done (external or 
internal technique), and a prognosis assessed 
(shorl or long term success). 


Causes of discoloration 


Tooth discoloration can occur during or after 
enamel and dentin formation. Some stars appear 
a3 surface stains after eruption and others are 
the results of dental procedures. Hence, causes 
of discoloration can be classified into two main 
groups. Pirst group, natural (acquired) stains 
which may be on the surface or incorporated into 
tooth. Sceond group, iatrogenic stains, which 
result from dental procedures, 


I- Natural or acquired discolorations 
l. Pulp necrosis 


Bacterial, mechanical or chemical irritation 
of the pulp may result in necrosis, Tissue 
disintegration products are then released; these 
colored compounds may permeate the dentinal 
tuzules and stain the surrounding dentin. The 
degree of disenloration 1s directly related tn how 
long the pulp has been necrotic. This type of 
discoloration can De bleached internally, 


2. Intrapulpal hemorrhage 


Generally, mtrapulpal Semorrhage ts 
associated with an impact in‘ury to a tooth, 
which results mm disrupted coronal blood vessels, 
hemorrhage, and lysis of the red blood cells. 
Blood disintegration products, presumably 
as iron sulfides, permeate dentinal tubules to 
stain surrounding dentin. If the pulp becomes 
necrotic, the discoloration usually remains. If 
the pulp survives, the discoloration may resolve 
and the tooth regains its original shade. Internal 
aleaching after intrapulpalhemorrhage 1s usually 
successful. 


3, Calcific metamorphosis 


Caleific metamorphosis is extensive forma- 
tion of irregular secondary dentin in tne pulp 
chamber or on canal walls. This phenomencn 
usnally follows an impact injury that did not 
result in pulp necrosis, There is temporary dis- 
ruption of the blood suppry with destruction of 
odontoblasts. These are replaced by undiffer- 
cnuatcd mesenchymal cells that rapidly form 
irregular dentin on (ae walls of the pulp space. 
As a result, the crowns of these teeth gradually 
decrease in (ramsluceney and acquire a yellowish 
or yellowish-brown discoloration. The pulp usu- 
ally remains vital and uninflamed. If the patient 
desires color correction, root canal treatment is 
performed and internal bleaching is done. 


4. Ape 


Tooth color tends to become progressively 
darker with age, whichis a physiological change 
resuluing from dentin apposition, lhinmmy of 
the enamel, and optical changes. Cumulative 
exirimsic stains [rom food and beverages also 
contribute to this type of tooth discoloration. 
Extra oral bleacning can be successfully applied 
for such patients. 


5. Devclopmental defcets 


Discoloration may result from developmen- 
tal defects or from substances incorporated into 
enamel or dentin during tooth Formation. 


Defects in tooth formation: defects in tooth 
formation are confined to the enamel and are 
eltner hypocaleric or hypoplastic. Ename! 
nipecaicticaileh 18 common, appearing as a 


distined brownish or whitish area, ofien on the 
facial aspect of a crown. The enamel is well 
formed and intact on ihe surface and [eels hard 
to the explorer. Enamei Aypeplasta differs from 
hypocaluification in that enamel in the former 
is defective and porous. This condition may 
be hereditary (amelogensis imperfecta) or may 
result from environmental factors (infections, 
lumors orimurma). Dn the hereditary lype, bolh the 
deciduous and permanent dentition are involved. 
Defects caused by environmental factors involve 
one or several testh and are detected in both 
dentitions. Presumably during tocth formation 
the matrix 18 altcred and does not torally or 
properly mineralize. The porous enamel readily 
acquires stains From tne oral cavity. 


Endemic fluorosis (mottled tooth): Ingestion 
of excessive amounts of fluoride during tooth 
formation produces defects in mineralized struc- 
tures, particularly enamel, with resultant hypo- 
plasia. The weth are not discolored on eruption 
ut may appear chalky. Theirsurface, however 1s 
porous and gradually absoros stains from cheri- 
cals in the oral cavity. Discoloration is usually 
bilaterally symmetric, Because the stain is m po- 
rous cnamel, such tzeta are bleached externally. 


Systemic drugs: administration or ingestion 
of certain drugs or chemicals during tooth 
formation may cause discoloration. The most 
common staining of this type follows tetracycline 
ingestion in caildren Fig. (1). Discoloration 1s 
bilateral affectine multiple teetn in koth arches 
and may range from yellow through brownish to 
dark gray depending on the amount, frequency, 
lype of tetracycline and patient’s age during its 
administration. Tetracycline binds to calcium, 
which is then incorporated into hydroxyapatite 
wrystal in both enamel and dentin. Chronic 
sun exposure of testh with the incorporated 
drugs may cause formation of reddish-purple 
tetracycline oxidation by products, resulting in 
further disecloration of permanent teeth. Two 
approaches can be used to treat tetracycline 
discoloration: The first, involves cxtra coronal 
Mleaching and is limited to lighter yellowish 
discoloration. The second ts rool canal treaument 
followed by internal bleaching and is useful for 
all degrees of discoloration. 
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Characteristic grayish ciscoloralion and banding 
of tetracycline discoloration, 


Blood dyscrasias and other factors: 


Various systemic conditions may cause massive 
lysis of red blood cells. IF this occurs in the pulp 
at an early age, blood disintegration products are 
incorporated into and stain the forming dentin. 


Erythroblastosis fetalis is characterized by 
severe discoloration of the primary leeth. This 
disease in the fetus or newborn results from RH 
Incompatibility factor, which lead to massive 
systemic lysis of erythrocytes. Large amounts of 
hemosiderin pigment stain tne forming dentin in 
primary tecth. Such condition 18 not enrrecta le 


by bleaching. 


Amelogenesis imperfecta: may result in 
yellow or brown discoloration. 


Dentinogenesis imperfecta: can cause 
srownish violet, yellowish, or gray discoloration. 
These conditions are also not correctable by 
bleaching and need restorative means. 


High fever during tooth formation may 
result in linear denned enamel hypoplasia, that 
aiye mac to banding type surface discoloration. 


Porpvria, a metabolic disease may cause 
deciduous and permanent teeth to show ared or 
brownish discoloration. 


‘Toalasscima and sickle cell anemia 


may cause intrinsic bluisn, brown or green 
discoloration. 
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BLEACHING OF DISCOLORED TEETH 


II- [atrogenic discoloration 


Discoloration due to various chemicals 
and substances used in dentistry are usually 
avoidable. Many of these are difficult to correct 
by bleaching. 


1. Endodontically related stains: 


Remnants of pulpal tissue: pulp fragments, 
remaining in the crown, usually in the pulp 
horns, may cause gradual discoloration. Pulp 
horns must be opened up and exposed during 
access to cnsure removal of pulpal remnant and 
to prevent retention of sealer at a later stage. 


Various materials used during root canal 
treatment can cause coronal tooth discoloration 
if they are left in the crown of the tooth during or 
after (reatment (Tavles 1-3). 


Root canal irrigants: sodium hypochlorite, at 
varying concentrations, 1s the most common 
imigant used alone orm combination with other 
solutions to enhance antimicrobial activity and 
to aid in removing smear layer. Tne combination 
of NaOCL with other adjunct irrigating 
solutions has been found to cause marked tooth 
discoloration (Table 1). 


Table (1) Tooth discoloration associated with 
root canal irrigants 


Type of discoloration 





irrigating solutions 





NaOCl + Chlorhexidine Light orange - dark 
CHX brown [ace to conc.) 
MTADH NaDCl Brow 


(different cone. | (NaOCl finai rinse} 


Red-purple 


j i ches 
1.3% NaQCi- MTAD (MTAD final rinse} 


tok precip:tate 


o ù 
17% EDT A+ 1CHX (CHS final rinse) 


Intracanal medicaments: several intracanal 
medeamnenls can cause internal staining of den- 
tin. Phenolics or todoftorm—based medicaments, 
which are commonly sealed into teeth, are in 
direct contact with dentin, sometimes for long 


periods, allowing [or their penetration and ox- 
dization with subsequent dentin discoloration 
(Tales). 


Table (2) Tooth discoloration associated with 
mura-vanal medicaments 


Intra-canal medicaments | Type of discoloration 





Formacresol Marked discoloration 


Jodoform-based Yellow-yellow brown 


‘Triple antibiotic paste Ulue greyish 


Ledermix paste Grey-brown 


LltraCal Ad Yellow 


Obturating materials: 
eausc of single tooth discoloration. Incomplete 
removal of obturating materials and sealer 
remnants from the pulp chamber, mainly those 
containing metallic components, often result 
in dark staining. Removing all materials to a 
level just cervical to the gingival margin can 
prevent such stains often resuli in dark staining 
(Table 3). 


this is a frequent 


Table (3) Tooth discoloration associated with 
root canal sealers 


Koot canal sealer 





Type of discolouration 


Grossinan’s ZnO/E Orange -red 














| i 
© AH% |  Grey-Blaek 

| E Endomethasone | Ovange -red g | 

| Tubi: Seal | Mild pink to orange -red | 

Dake | Mik pink =| 

Sealapex | Eiger | 

MTA | Grey | 


2. Coronal restoration 


Metallic restorations: amalgam is the worst of- 
fender because its dark colored elements may 
turn dentin dark grav. If uscd to restore a lingual 
access preparation, amalgam often discolors the 
crown. In addition to the inherent dark, metal- 
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lic color of an amalgam restoration, amalgam 
degrades over time and corrosion products can 
cause tooth discoloration. Such stains are diffi 
cult to bleach and tend to re-discolor with time. 


Composite restorations: 
composites causes Staining open margins which 
may permit chemicals to penetrate between 
the restoration and toot structure to stain the 
underlying dentin. 


Bleaching materials 


Bleaching cnemicals may act as either 
oxidizing or reducing agents. Most aleaching 
agcnis arc oxidizers. Commonly used agents 
are solutions of hydrogen peroxide of different 
strengtns; sodium perborate and carbamide 
peroxide. Sodium perborate and carbannde 
peroxide are chemical compounds that are 
gradually degraded to release low levels of 
hydrogen peroxide. Hydrogen peroxide and 
carbamide peroxide are mainly indicated for 
extemal bleaching, whereas sodium perborate 15 
used Cor mlermal bleaching. 


Hydrogen peroxide (H,O,): is a powerful 
oxidizer that 1s available m various strengths, 
but a 30% to 35% stabilized solution (Superoxol, 
Perhydrol) is tae most common. These high- 
concentration solnttons must be handled with 
care because they are unstable, lose oxygen 
quickly and may explode unless they are 
refrigerated and kept in a dark container. Also, 
these are caustic chemicals and will burn tissue 
on contact. 


Sodium perborateiis available in powder 
form or in various commercial proprietary 
combinations. It is stable wien dry but in.the 
presence of acid, wait alr, or water it decomposes 
to form sodium metaborate, hydrogen peroxide 
and nascent oxygen. Sodium perborate 1s more 


easily controlled and is safer than concentrated 
H,O, 


Carbamide pcroxidetalso known as urea 
hydrogen peroxide :s available in concentrations 


microleakage of 
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varying between 3 and 15% .Carbamide peroxide 
has been associated with varymg degrees of 
damage to teeth and surrounding mucosa. 
They may adversely affect the bond strengtn of 
composite resins and their margmal seal. 


Bleaching mechanism 


The mechanism of tooth bleaching remain 
unclear al presen however i is generally 
believed that free radicals produced by H,O, 
may be responsible for bleaching effects. 
H,O, diffuses throug the enamel and dentin, 
producing free radicals that react with pigment 
molecules breaking their double bonds. The 
change m piginent molecule configuration and 
or size may result in changes in their optical 
properties and consequently the perception of a 
lighter color by human eves. 


Bicaching technigucs 
L. Intracoronal bleaching techniques 


The methads most commonly omploycd 
to bleach endodontically treated teetn are the 
thermoeatalytic fteehnigue, ultraviolet photo- 
oxidation teehniguc and the walking bleach 
technique. Walking bleach ts preferred because 
it requires the least chair time and is more 
comfortable and safer for the patient. 


Internal bleaching may be performed at 
various intervals following root canal treatment. 
However, the walking bleach technique may 
be performed at the same appointment as the 
onturation. In fact the shorter discolorat:on period 
tends to improve the chances for successful 
bleaching as well as reduces the likehood of 
re-disc coloration, 


Indications: 
l. Discolorations of pulp chamber orizin. 
ie Dentin diseolorations. 
3. Stains not amenable to external bleaching. 
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Contraindications: 


l Superficial enamel stains. 
g. Defective cnamel formations. 
3, Severe dentin loss, 


s 


Carios or discolored corposile. 


‘Thermocatalytic technique 


This technique involves placement of the 
oxidizing chemical, generally 30% -35% HO, 
(Superoxol) into the pulp chamber Followed by 
heat application. Heat is supplied by heat lamps. 


flamed instruments, or electrical heating devices, 


which are manufactured specifically to bleach 
teelh. Intermittent ‘reaiment with cooling breaks 
is preferred over a continuous session. 


Lltraviolct photo-oxidation 


In this technique ultraviolet light 1s applied 
lo the labial surface of the woth to be bleached. 
A 30% to 35% H,O, solution is placed in the 
chamber on acotton pellet followed by a2-m inute 
exposure to ultraviolet light. Supposedly, this 
causes the release of oxygen similar to that seen 


in the thermocatalytic leaching technique. 
Walking bleach 


Nutting and Poe first coined the term 
walking bleacn in 1961 referring to the bleacning 
action occurring between patient's visits. It 


Involves the following steps Vig. (2): 





Fig 2. 


Walkie bleach, A, culerual staiuiug of dewia caused by rernuauts of obturatiug materiais (OM) iu the cleaober 
as Well as by materials and tissue debris in pulp horns (7H) EB, Coronal restoration is removed competely. ©, A 
protective cement base (B) is placed over the qutta-pecha. A paste (F) of sodium perborate and hydrogen peroxide is 
placed. D, A thick mix of tempaoray cement (7) seals access. E, At a subsequent appointment when the desired shade 
reached, a permanent cement is placed (TS) at the pulp chamber and composite resin (©) to seal of the access. 


Radiographs are made to assess the status 
of the periapical tissues and the quality of 
root canal treatment. Treatment failure or 
questionable obturation requires retreatment 
prior to Dleaching. 


The quality and shade of any coronal 
restoration present are assessed: if defective 
the restoration must be replaced zefore 
nleaching procedures. 


Tooth color is evaluated with a shade guide 
and clinical photographs are taken at the 
nezinning of and throughont the procedures. 
These provide a point of reference for future 
comparison by both dentist and patient. 


The tooth is isolated with a ruber dam 
(interproximal wedges and ligatures 
may also be used). If Superoxol is used 
proleetive creari (orubuse or cocoa buller) 
must ze apphed to the gingival tissues 
prior to dam placement. The restorative 
material 1s removed from tne access cavity. 
Refinement of the access and removal of all 
old obturating materials from the chamber 
comprise the most Important stage m the 
bleaching process. The dentist snould check 
carefully that pulp horns or other hidden 
areas are properly exposed. If the chamber 
nas been totally filled with composite, it 
must be removed campletely to allow the 
nleaching agent to contact and penetrate the 
dentin 


(Optional) this step may be necessary if 
the stain seems to be metallic or if on the 
second or third appointment bleaching 
only does not seem to be sufficient. A thin 
layer of stained dentin is carefully removed 
toward the facial aspect of the chamber 
waa round bur in aslow-speed handpiece. 
Tais will remove muci of the discoloration 
(which 1s concentrated in the pulpal surface 
area). It may also open the dentinal tubules 
for betler penetration by the chemicals. 


All materials should 2e removed to a level 
just below the gingival margin. Appropriate 
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solvents (such as chloroform or xylol on a 
eofton pellet) are uscd to dissolv2 remnan's 
of the common sealers. 


7. A sufficient layer of a protective white 
coment arrier (such as Cavit a‘ least 2mm 
thick) is applied on the obturating material. 
This is essential to minimize leakage of 
bleaching agents. 


S. The walking bleach paste is prepared by 
mixing sodium perborate and an inert liquid 
suth as water, saline, oranestietic solution. 
With a plas‘ic instrument, tue pulp chamber 
Is packed with the paste. [ixcess hgud 1s 
removed by tamping with a cotton pellet. 
This also compresses the paste. 


9. Lxeess oxidizing paste is removed from 
undercu's inthe pulp norr and gingival area 
with an explorer, then thick mix of zine 
oxide cugenol (preferably) IRM is applied 
directly againsi the pasie and imo lhe 
undercuts. The temporary filling is packed 
carefully to a thickness of af Icast 3mm to 
ensure a 200d seal. 


10. The patient is rescheduled approximately 
2wecks later and the procedure 1s repeated. 
It is commonly believed that over bleaching 
is desirable because of probable future re- 
discoloration. 


Final restoration 


The pulp chamber and the access cavity snould 
he restored with a hgh! shade, hght cured, 
acid-etched composite resm. Light curing from 
tne labial surface (to reduce shrinkage) and 
placing white cement beneath the composite 
is recommended. The use of catalase has 
been proposed for fast elimination of residual 
peroxides from the access cavity. 


Complications 
External cervical root resorption 


In‘ernal bleaching may induce = cxternal 
cervical root resorption. This 1s probably caused 
by high concentrated oxidizing agent, which 
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diffuses via unprotected dentinal tubules and 
cementum defects and causes necrosis of the 
cementum, iillamuimaiion of the periodonlal 
ligament with subsequent root resorption. The. 
process may he ennanced it heat 1s applied. 


Damage to the restoration 


Bleaching with hydrogen peroxide may 
affect bonding of composite resins to tooth 
structure. It is recommended to subject the tooth 
to catalase treatment for tires minutes, which 
will remove all residual hydrogen peroxide. 


(Chemical burns 


Superoxol (30% hydrogen peroxide) 1s 
hithly caustic and causes chemical burns and 
sloughing of the gingiva. When this strong 
cnemical is used, lhe soft tissues should be 
coated with Vaseline, Orazase, or cocoa butter, 


2. Extracoronal bleaching techniques 


In this teennique the oxidizer 1s applied to 
the enamel surface of a tooth with vital pulp. 
Application of bleaching agents on relatively 
impermeable enamel has lithe chance ol reaching 
the stain. 


Indications: 
l- Dagh! enamel discolorations. 
2- Mild tetracycline stains. 
3- Endemic Aucrosis stains . 
4. Age-related discoloration, 


Contraindications: 
l- Severe dark discoloration. 
- severe enamel loss. 


2 
3- = Proximity of pulp horns. 
4- [lypersensi‘ive teeth. 

3 


-o Caries, large, or poor resl oral ion. 


Vital bleaching technique: 


-  I[n-office extracoronal bleaching. 


-  At-home extracoronal bleaching (mouth 
guard bleaching). 


In —Office cxtracoronal bleaching: 


Several materials and clinical procedures are 
available for in-office extraccronal bleaching, 
also called cnatr-side bleaching or power 
bleaching. In-office extracoronal bleaching may 
be performed using a bleaching gel (with 23% to 
38% HO.) alone ora gel with a hight. Various 
light sources can be used namely; laser (argon, 
CO,), halogen, plasma are, or light-emitting 
diodes (LED). The wavelength may range 
from high uliravivlet speelra, low visible blue 
hent spectra, to invisible infrared spectra such 
as CO, laser. The light exposure is intended to 
enhance the bleaching efficacy by activating the. 
bleaching gel, either through a specific catalyst 
or heal, lo promole Lae decumposilion process of 
HQ, on the enamel surface. 


At- home bleaching (Mouth guard): 


The mouth guard bleaching technique 
(home bleaching) is generally used for ould 
discolorations. Numerous prodnets are available 
for home use. Most are composed of either 1 5%- 
L0% hydrogen peroxide or 10%-15% carbamude 
peroxide. 


Technique: 


l) Analginate impression is made of the arch to 
be treated. Two layers of die relief are placed 
on ihe buceal aspects of the cast teeth to form 
a small reservoir for the bleaching agent. 


2) The mouth guard ts inserted to insure proper 
fit. The guard is removed and the bleaching 
agenl is applied in the labial aspect of each 
tooth to ne bleached. Ths month guard 1s 
then re-inserted over the teeth and excess 
bleaching agent removed. 


3) The patient is Camiharized with the use of 
the bleaching agent and witn the method of 
wearing the guard. The procedure is usually 
performed for 3 to 4 hours/day. Some 
practitioners recommend wearing the guard 
during sleeping for better long-term aesthetic 
results. The treatment continues for 4 to 24 
weeks. The patient is recalled every 2 weeks 
to monitor hghiemng or complications. 


Complications: 
Postoperative pain: 


A common postoperative problem is pulpal 
pain craracterized by intermittent shooting pain, 
which occurimmediately after bleaching and last 
for about 24 to 48 "ours. Long-term sensitivity 
lo cold may also occur. This complication can be 
reduced by shorter bleaching periods and using 
lower temperature. Topical fluoride treatments 
and dese nsiliziny lovihpaste can alleviate these 
symptoms. 


Pulpal damage: 
Extracoronal leaching with hydrogen 
peroxide and heal has been sometimes 








associated with some pulpal damage especially 
in the presence of deep caries or exposed dentin. 
Defective restorations must be replaced before 
bleaching. Tzeth with large restorations sould 
nol be vleavhed. 


Mucosal damage: 


Bleaching agents are caustic and if they come 
In contact with oral mucosa may cause peroxide- 
Induced tissue damage. Ulceration and sloughing 
of the mucosa arc caused by oxygen gas bubbles 
in the tissue, whien appear white. Treatment is 
by extensive water rinses until the whiteness 
is reduced. Application of protective ointment 
before bleaching van prevent such complication. 





CHAPTER REVIEW QUESTIONS 


E; Discuss causes for acquired discoloration. 

Aa Discuss causes for aleoverc diseolo alir. 

3. Describe the steps of the internal “walking bleach” technique 

‘4, Discues the bleaching mechaniem and different bleaching agents, 
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GERIATRIC ENDODONTICS 


he purpose of this chapter is to discuss 

the effect of aging on the diagnosis 

of pulpal and periapical disease and 

successful root canal treatment. 
The quality of life for older paticnts can by 
significantly improved ^y saving fecth tnrough 
endodontic treatment and can have a large and 
Impressive value to overall dental, physical, and 
mental health. 


Negative social attitudes toward older adults 
tend to carry over into their care. Older patients 
are in danger of being dismissed as hopeless or 
not worth tre effort. At times, clinicians shy away 
from providing care for seniors because of the 
perceived difficulty of cost of certain treatment 
procedures or because of complicated medical 
conditions. (-linicians sometimes consider older 
patients less able to pay for treatment because 
of their age and appearance. [lowever, most 
older adults sngaze in normal activity and can 
recognize and alferd the value of good dentistry. 


The needs, expectations, desires and demands 
of older people may exceed those of any age 
group, and the gratitude shown by older patients 
is among the most sulisfying of professional 
expericnecs. The desire for root canal treatment 
among aging patients has increased considerably 
in recent years. Older patients are aware that 
treatment can by performed comfortably and 
that ave is nol a Caelor in predicliny success. 

Obtaining informed consent that root 


canal treatment is alternative to the trauma of 
extraction and the cost of replacement. 


MEDICAL HISTORY 


It is important to focus on those Factors that 
will truly indicate Lhe risks undertaken in treatin 
the older patient. Clinicians must recognize that 
the biologic or functional age of an individual is 
farmore important Han chronological age. 


A medical history should by taken before the 
paticnt is brought into tne treatment room, and a 
standardized form should be used to identify any 
disease or therapy that would alter treatment or 
its outcome. 


In gencral, aging causes dramatic changes 
lo the cardiovascular, respiratory, and central 


nervous systems (CNS) that result in most drug 
[nerapy needs. However, the dealing in renal 
and liver function in older patients should also 
be considered when predicting behavior and 
interaction of drugs (c.g., anesthetics, analgesics, 
antibiotics) that may be used in dental treatment. 


The review of the patients’ medical history 
is the first opportunity for the dentist to talk 
wiin the patient. The time and consideration 
taken at the ontset will set the tone forthe entire 
treatment process. This first impression should 
reflect a warm, caring practitioner, who is nighly 
trained and able to help patients with complex 
treatments. Some older patients may need 
assistance in filling out tne forms and may not 
3y Fully aware of their conditions or history. 

Consultation with the Family, 
Buardian, or physician may be necessary to 
complete the history; rowever, the dentist 15 
ultimately responsizle for the treatment. 


patient's 


An updated history, including information on 
comphance witn any prescribed treatment and 
sensitivity to medications, must by obtained at 
each visit and reviewed. In general, older adults 
use more drugs than younger patients, and most 
of these medications are potentially important 
to the dentist. The physicians Desk Reference 
sould be consulted and any precaution or side 
effect of medication noted. 


Although geriatric are usually 
knowledgeable about their medical history, 
some may not understand the implications of 
their medical conditions in relation to dentistry 
or may be reluctant to let the clinician into their 
confidence. Their perceptions of their illnesses 
may not be accurate, so any clue to a patient's 


conditions should be investizated. 


patients 


avinptoms of undiagnosed illnesses may 
present the dentist witn a scresning opportunity 
that can disclosc that might 
otherwise go untreated or lead to an emergency. 
Management of medical emergencies in the 
dental office is Dest directed toward prevention 
ratner than treatment. 


a condition 


Chief Complaint 


Most patients who are experiencing dental 
pain have a pulpal or periapical problem that 
requires root canal treatment or extraction. 
Dental needs are often manifested mittally m 
the form of a complaint, which usually contains 
the information necessary to make a diagnosis. 
The diagnostic process is directed toward 
determining whether pulpal or periapical disease 
is present, whether palliative or root canal 
therapy 1s indicated, the vitality of the pulp, and 
which tooth is the source of pain. 


The clinician should, without leading. allow 
the patient to explain the problem in his or her 
own Way. 


This gives the examiner an opportunity to 
observe the patient's level of dental knowledge 
and ability to communicate. Visual and auditory 
handicaps may become evident at this time. 


The effect of the “focal infection” theory 1s 
still evident when other aches and pains cannet 
be adcquatcly explained and loss of tecth 1s 
accepted as inevitable. The best patients arethose 
who have already had successful endodontic 
treatment. Older patients are more likely to have 
already had root canal treatment and have a more 
realistic perception about treatment comfort. 


Most geriatric patients do nct complain 
readily about siens or symptoms of pulpal and 
periapical discase and may consider them to be 
minor vompared with other health concerns. 


Pain associated with vital pulps (1.e., referred 
pain; pain caused hy heat, cnld, or sweets) seems 
to be reduced with age, and severity seems to 
dimmish over time. Leat sensitivity that occurs 
as fhe only symptom suggests a reduced pulp 
volume such as that occurring in the older pulps. 


Pulpal-healiny capacity as also reduced, 
and necrosis may occur quickly after micro mal 
invasion, again with reduced symptoms. 


Although complaints are fewer, they are 
usually more conclusive evidence of disease. 
The complaint should isclate the problem 
sulficienfly to alow the clinician to take a 
periapical radicgraph before proceeding. 
Studying cudicyraphs belure an examination 
can prejudice rather than focus attention: 
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accordingly, they should be reviewed after the 
clinical examination has heen completed. 


DENTAL HISTORY 


The clinician should search patients’ records 
and explore their memories to determine the 
histery of involved teeth or surrounding areas. 
The history may he as ohvicus as a recent 
pulp exposure and restoration, or it may be as 
subtle as a routme crown preparation [15 or 20 
years ago. Any history of pam before or after 
treatments may establish the beginning of a 
degenerative process. Subclinical injuries caused 
by repeated episodes of decay and its treatment 
may accumulate and approach a clinically 
signiticant threshold that can he later exceeded 
after additional routine procedures. Multiple 
restorations on the same tooth are common. 


Subjective Symptoms 


The cxaminer can pursuc responses to 
questions about the patents complaint, the 
stimulus or umtant that causes pain, the nature 
of the pain, and its relationship to the stimulus 
or irritant. This information 18 most useful in 
determining whether the sources pulpal disease, 
whether mflammation or infection has extended 
to the apical tissues, and whether these problems 
are reversible. Thus the dentist can determine 
what types of (ests are necessary to confina 
findings or suspicions. 


Objective Sings 

The mtracral and =  extraoral clinical 
examination provide valuable first-hand 
mtormation about disease and  previcus 


freatinent. The overall oral condition should not 
be over-looked while centering on the patient's 
complaint, and all abnormal conditions should 
be recorded and mvestigated. 


Clinical considerations m treating old patients. 





L. Exposures to factors that contribute to oral 
cancers accumulate with age, and many 
systemic diseases may initially manifest 
prodromal oral sings or symptoms. 


= 


Missing teeth cumribute to reduced [unt- 
tional ability. The resultant loss of chewing 
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efficiency leads to a higher carbohydrate 
diet of softer, more cariogenic foods. In- 
creased sugar intake to compensate for loss 
of taste and xcrostomia are also factors in 
the renewed susceptibility to decay. 


Gingival recession, which creates sensitivity 
and is hard to control, exposes cementum 
and dentin that are less resistant to decay. 


The removal of root carics is irritating to the 
pulp and often results in pulp exposures or 
reparative dentin formation that affect the 
negotiation of the canal, should root canal 
treatment later by needed. 


Asymptomatic pulp exposures on one roct 
surface of a multiraoted tooth can result 
in the Uncommon clinical situation of the 
presence of both vital and nonvital pulp 
tissues in the same tocth. 


Intcrproximal root caries is difficult to 
restore, and restoration failure as a result of 
continued decay 1s Common. 


Alirition, abrasion, and erusion also expuse 
dentin through a slower process that allows 
the pulp to respond with dentinal sclerosis 
and reparative dentin. 


secondary dentin formation occurs 
throughout life and may eventually result 
in almost complete pulp obliteration. In 
maxillary anterior teeth, the secondary 
dentin is formed on the lingual wall of the 
puln chamber; in molar teeth the greatest 
deposition occurs on the floor of the 
chamber. Although this pulp may appear to 
recede, small pulpal remnants can remain or 
leave a less calcific tract thal muy lead to a 
pulp exposure. 


In gencral, canal and chamber volume 
is inversely proportional to age: as ace 
Increases, canal size decreases. Reparative 
dentin resulting fromrestorative procedures, 
lruuima, altrilion, and recurrent caries also 
contributes to diminution of canal and 
chamber size. The calcification process 
associated with aging appears clinically to 
be of a more linear type than that which 
occurs in a younger tooth in response to 
caries, pulpotomy, or trauma. 
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. Violating principles 


In addition, the cementedentinal junction 
(CDI) moves farther trom the radiographic 
apex with continued cementum deposition 
“The thickness of young apical cementum is 
100 to 200 m and increases with age to two 
or three times that thickness. 


Advancing age, decreasing tubular 
permeability. Latcral and accessory canals 
can calcify, thus decreasing their clinical 
significance. 


. Thecompensating bite produced by missing 


and tilted teeth (or attrition) can cause 
lermporomundibular jora (TMD dysfunction 
or loss of vertical dimension. The authors 
have observed diminished eruptive forces 
with age, reducing the amount of mesial 
drift and super eruption. Any limitation in 
opening reduces available working time and 
the space needed for instrumentation. 


. The presence of multiple restorations 


indicates a history of repeated insults and 
an accumulation of cavity walls is a major 
cause of pulpal injury. 


of cavity design 
combined with the loss of resiliency that 
results from a reduced organic component 
in the dentin to increase susceptibility to 
cracks and cuspal fractures. 


. Many cracks or craze lines may be evidentas 


a result of staining, but they do net indicate 
dentin penetration or pulp exposure. 


Periodontal disease may be the principal 
problem for older patients. The relationship 
between pulpal and periodontal disease can 
be expected to be more siumificaunt with age. 
Retention of tecth alonc demonstrates somc 
resistance to periodontal disease. Narrow, 
bony-walled pockets associated with 
nonvital pulps are usually sinus tracts, but 
they can be resistant to root canal therapy 
alone when, with time, they become chronic 
periodontal pockets. 


Periodontal treatment can produce root 
sensitivity, disease, and pulp death. The 
more increase in incidence and severity of 
periodontal disease with age mecreases the 
need for combined therapy. The chronic 
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nature of pulp disease demonstrated with 
sinus tracts can often be manifested in a 
periodontal pocket 
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times For proper diagnostic contrast. The 
subjective nature of mterpretation can De 
reduced wilh correct processing, proper 
Wlumination, and magniication. 


18. The presence of a sinus tract reduces the 
risk of infcrappomiment or postoperative 2, The periapical area must be included in 
pain, although drainage may follow canal the diagnostic radiograph, whic should ne 
debridement or filling. studied from the crown toward the apex. 

19. The reduced neural and vascular components Angled radiographs snould 5e ordered only 
of aged pulps, the overall reduced pulp after the original diagnostic radiograph 
volume, and the change im character of Lhe suggests that more information I needed 
ground substance ercatc an cnvironmcnt for diagnosis or to determine [he degree 
that responds differently to both stimuli of difficulty of treatment. Radio Visio 
and irritants than that of younger pulps. raphy (RVs) may be more uscful than 
Consequently, the response to stimuli may conventional radiography in detecting early 
he weaker than in the more highly innervated bone changes. 
younger pulp. r 

3. [In older paticnts, pulp recession 18 

20. No correlation exists between the degree accelerated by reparative denin and 
of response to electric pulp testing and the complicated by pulp stones and dystrophic 
degree of mJammation. A test cavity is calcification. Deep proximal or ront decay 
generally less useful as the test of last resort and restorations may cause calcification 
because of reduced dantim innervation. Vital P EE axa E E antbercand tact 
pulps can sometimes be exposed and even ne i 
negotiated with a tile witi minimal pain. 

21. Discoloration of single tesih may todivale se ae Ge pute of te chamber should = 
aaan Gu: (sistas eTEN measured trom tne occlusal surface and tts 
discoloration with advanced age. Dentin Mesiedisial paghina noted, 
thickness 18 greater and the tunules ara less 5, Receding pulp horns that are apparent on 


permeable to blood or breakdown produets 
from tne pulp. Dentin deposition produces 
a yellow, opaque color that would indicate 
provressive caleiliculion m a younger pulp, 
however, this is common in older teeth. 


Radiographs 


a radiograph may remain microscopically 
much higher. Deep restorations or cxtcnsive 
oeclusal crown reduction may produce pulp 
exposures that were not expected. The axial 
Inclination of crowns may not correlate with 
the clinical observation when tilted teeth 
nave been crowned or become abutments 


for fixed or removacle appliances. Access to 
the root canals 1s the most limiting condition 
in roct canal treatment of older patients. 


Indications for and techniques of taking 
radiographs do not differ much among adult 
age groups. However, several physiologic, 
analomic changes can siginficantly alfest their 6 
Interpretation. Film placement may be adversely 
affected by tori but can be assisted Dy the apical 
position of muscle attachments that increase the 
depth of the vestibule. 


Canals should 2e examined for their number, 

size, shape, and curvature. Companions to 
adjacent teeth should be made. Small canals 
are the rule in older pauienls. A mudro 
disappearance of a detectable canal may 
indicate bifurcation rather than calcification. 
Canals valey evenly lhrougheul their 
length unless an imitant (2.g., decay, 
restoration, cervical abrasion) has separated 
the chamber from the root canal. 


Older patients may be less capable of assisting 
in film placement, and holders that secure the 
position should be considered. 


l. The presence of tor, exostoses, and denser 
none may require increased exposure 
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7. Root end fillings durmz apicectomies 
(more common during retreatment of older 
paticnts) indicate missed canals and roots as 
a common cause of failure. 


& The lamina dura should be examined 
In ifs entirety and anatomic landmarks 
distinguished from periapical radiolucencies 
and radiopacities. 


9. The incidence of some odontogenic 
and nonodontozenic cysts and tumors 
characteristically mereases wath age, and 
this should be considered when vitality test 
do not correlate with radiographic fudings. 
However, the incidence of osteosclerosis 
and condensing osteitis decrease with age. 


10. Resorption associated with chronic apical 
periodontitis may significantly altcr the 
shape of the apex and the analomy of the 
Foramen through inflammatory osteoclastic 
activity, 


ll. The narrowest point in the canal may 
be difficult to determine; it 1s positioned 
farther from the radiographic apex because 
of continued cementom formation and may 
be demonstrated Dy a canal or foramen 
that appears to end or exit short of the 
radiographic apex, and hypercementosis 
may completely obscure the apical anatomy. 


TREATMENT PLAN 


A clinical judgment can be made, based onthe 
patients complaint, history, signs, symptoms, 
testing, and radingraphs, as to the vitality of the 
pulp and the presence or absence of periapical 
patholoaie conditions. This classification has not 
been shown to be a factor in predicting success, 
iterappointment or postoperative pain, or the 
numer of visits necessary to complete treatment 
when the objectives of cleaning, shaping, and 
filling are clearly understood and consistently 
met. OF great clinical significance in treatment 
procedures is the assessment of pulp status to 
determine the deptn of anesthesia necessary to 
perform the treatment comfortably. 


One appomtment procedure offers obvious 
wdvanlages lo older pauients. The length of 
a dental appointment does not usually cause 
inconvenience, as may more numerous 


appointments, especially if a patient must rely 
on anolner person for auspurtalion or needs 
physical assistance to get into the office. 


Root canal treatment as a restorative 
expediency on teeth with nomnal pulps must be 
considered when cusps have fractured or when 
suprerupted or partal abutments, rest seats, ar 
overdentures require significant tooth reduction. 


Because of a reduced blood supply, pulp 
capping is not as successful in older teeth as in 
younger ones, therefore it is not recommended. 


CONSULTATION AND CONSENT 


Determining the patient’s desires is an 
important as determining his or ner needs, and 
it is required in obtainmg informed consent. 
Prionties in treating pain and infection to 
properly and anesthetically restore teeth to 
health and function should be unaffected by age. 


TREATMENT 
Clinicians should recognize that root canal 


therapy is far less traumatic than extraction for 
older patients. 


The pulp vitality status and the cervical 
positioning of the rubber dam clamp determine 
the need for anestnesia. Older patients more 
readily accept (treatment without anesthesia, 
and sometimes they must be convineed [nat 
anesthesia is necessary for rool canal ireaiment 
if their routine operative procedures have been 
performed without it. 


The culling of dentin does nol produce 
the same level of response in an older patient 
for the same reason that a test cavity Is not as 
revealing during examination. The number of 
low threshold, high conduction velocity nerve 
endings in dentin is reduced or absent, and they 
do not extend as far into the dentin. In addition, 
the dentinal tubules are more caleified. A painful 
response may not be cncountcred until actual 
pulp vaposure has occurred. 


Clinical consideration for anesthetic technique: 


l. Anatomic landmarks that are used as 
yids to needle placement during block 
and infiltration injections are usnally more 
distinguishable in older pauents., 


TTP HNIC 4S! & PI IN CAL ERATED STEN TIS 


2. ‘Tne cffects of epinephrine should be 
corsidered when selecting anesthetics for 
routine endodontic procedures. 


3. Tne anestnetics should be deposited very 
slowly (aad skeletal muscle avoided) if 
epinephrine is the yasocorstrictor. 


4. ‘Vne reduced width of the pertadnntal 
ligament makes needle placement for 
supplementary intraligamentary injections 
more difficult. Placing an anesthetic 
under pressure produces an intraosseous 
anesthesia that extends to the apex and to 
adjacer.t teeth, but it also distributes small 
amioucts of solution systemically, 


5. Similar amounts of anesthetic should be 
Jeposited during intravsseous injections, 
and the depth of anesthesia snould be 
checked before repeating the procedure. 


6. Like intrapulpal anesthesia, intraosseous 
anesthesia is not prolonged, therefore the 
pulp tissue must be removed within 20 
minutes. 


J. Tae reduced volume of the pulp chamber 
makes intrapulpal anesthesia difficult in 
singe rooted leeth and almost impossible in 
multirooted tecth, initial pulp exposures are 
also hard to identify. Wedging asmall needle 
into each canal to produce the necessary 
pressure for anesthesia is the metnod of last 
resort. 


Every effort should be made to produce 
profound anesthesia. Patients should be 
encouraged to report any unpleasant sensatior., 
and a prompt response should be made to any 
complaint. Patents should never be expected to 
tolerate pulpal pair. 


Isolation 


Single tooth rubber dam isolation should be 
used wherever possible. Badly broken down 
teeta may notprovide an adequate purchase point 
for tne rubher dam clamp, and alternate rubber 
dam isolation methods should be considered, 
Multiple-tooth isolation may be used if adjaceat 
teeth car be clamped ard saliva output is low or 
a well placed saliva ejector can be tolerated. 


TRFOHA CAIL & CLINICAL FREON TOS 





Canals should be identifed and their access 
maintained ifrestorative procedures are indicated 
for isolation. The clinician should not allempt 
isolation and access ir. a tooth with questionable 
marginal integrity of ils restorations. Fluid tigni 
isolation cannot be comprormsed when sodium 
hypochlorite is used as an ittigant. Difficult-to- 
isolate defects produced by root decay presenta 
good indication, ir. initial preparation, for the use 
of sonic hand pieces thal use flow throug) waler 
as an irrigant. 


The many merits of single visit root canal 
procedures should again be considered when 
isolation is compromised, The few minor benefits 
of multiple visit treatment are further reduced if 
an interappointment seal is difficult to obtain. 


Access 


Adequate access and identification of canal 
orifices are probably tne most difficult parts 
of providing rool canal treatment for older 
patients. Although the effects of aging ard 
multiple restorations may reduce tne volume and 
coronal extent of the chamber or canal orifice, its 
buccolingual and mesiodista] positions remain 
the same and can be predicated from radiographs 
and clinical examination. Canal position, 
rool curvalure, and axial inclinations of roots 
and crowns should be considered during the 
examination .Tne effects of access on existing 
restorations should be discussed with the patient 
before proceeding. Coronal tooth structure or 
resluralions should be sacrificed when they 
compromise acecss far preparation or fillirg. 


Location and penetration of the canal orifice. 
is often difficult and time consumung in calcified 
canal The most important instrument for initial 
penctration is the 11 16 explorer. The explorer 
will not stick in solid dentin; however, it will 
Tesisi Uislodyment in the canal. Once the canal 
lias been distinguished, negotiation is attempted 
with a stainless steel (SS) 21 mm, ne $ or ro 10 
K-file. The no. 6 file lacks stifffiess in its shaft 
and easily bends and curls under gentle apical 
pressure. Nickel and titanium (Nii) files lack 
streagth in the long axis and are contraindicated 
forinitialnegotiation. The canal can be negotiated 
usiig a watch-winding action with slight apical 
pressure. Chelating agents are seldom of value 
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in locating the orifice but can be useful during 
canal negotiation. Dyes may distinguish an 
orifice from the surrounding dentin. 


Pain, bleeding, disorientation of the probing 
instruments, or an unfamiliar feel to the canal 
may indicate a perforation .The size of the 
perforation and the extent of contamination 
determine the success of repair (which should 
be done immediately} and do not necessarily 
indicate failure Supererupted teeth can be easily 
perforated if the reduced distance fo the furcation 
is not noted. 


A lengthy, unproductive search for canals is 
Paliziwineg and frustrating to both the clinician 
and the paticnt. Scheduling a second attempt is 
often productive. Personal clinical experiences 
and judgement determine when the search for 
the canals must be terminated and referral or 
alternatives to nonsurgical root canal treatment 
considered. 


Convenience form 


Modifications to enhance access vary from 
Widening the axial walls to increasing visibility 
or light to complete removal of the crown. 
Alternatiums may be indicated aller canal 
penctration to the apex iFtocth structure interferes 
with instrumentation or filling procedures. 


Very few canals of older teeth, even 
maxillary antertor teeth, have adequate diameter 
to allow the safe and effective uses of broaches. 
Older pulps may give a clinical appearance that 
reflects their calcified, afrophic state with the 
stiffened fibrous consistency of a wet toothpick. 
Any broached canals should be thoroughly 
instrumented at the same appointment. 


The tooth length 


The length of the canal from the actual 
anatomic foramen to the CDJ increases with the 
deposition of cementum throughout life. The 
advantage of this situation in the treatment of 
teeth with vital pulps is countered hy the presence 
of necrotic, infected debris in this longer canal 
when periapical pathosis is already present. 


The actual CDJ width or most apical extent 
of the dentin remains constant with age. because 


this CDJ is the narrowest constriction of the 
canal, it is the tdeal place to terminate the canal 
preparation. This point may vary from 0.5 ta 2.5 
mm from the radiographic apex and difficult 
to determine clinically. Calcihed canals reduce 
the clinician’s tactile sense in identifying the 
constriction clinically, and reduced periapical 
sensitivity in older patients reduces the patient's 
response that would indicate penetration of the 
foramen Increasedincidenceofhypercementosis, 
in Which the constriction is even farther from the 
apex, makes penctration into the ccmental canal 
almost impossible. Achieving and maintaining 
apical patency is more difficult. 


Apical root resorption associated = with 
periapical pathosis further changes the shape, 
size and position of the constriction. 


The use of electronic, apex-finding devices is 
sometimes limited in heavily restored teeth when 
contact with metal can blecd off the current. 


Preparation 


The calcified appearance of the canal 
resulting from the aging process presents a much 
different clinical situation than that of a younger 
pulp in which trauma, pulpotomy, decay, or 
restorative procedures have induced premature 
canal obliteration. Unless further complicated 
by reparative dentin Cormetion, this calcification 
appears to be much morc concentric and lincar. 
This allows easier penetration of canals once 
they are found. An older tooth is more likely 
to have a history of earlier treatment, with a 
combination of culcifications present. 


Flaring of the canal should be performed as 
early in the procedure as possible to provide for 
a reservoir of irrigation solution and to reduce 
ihe stress on melal imstraments ihat occurs 
when they bind with the canal walls. Thorough 
and frequent irrigation should be performed to 
remove the debris that could hlock access. Files 
with a triangular or square cross section may 
penetrate imio the walls with greater foree than 
the fracturc resistance of small Alcs (when uscd 
with reaming action) and result im mstrument 
fatiguc and fracture. ‘he henchts of instruments 
with no rake angle and a crown down technique 
should be considered. 


The frequency and intensity of discomfort 
after instrumentation has not been shown to be 
related to the amount of preparation, the type 
of intcrappointment medication or temporary 
filling, dhe pulp or periapical status, the Looth 
number or age, or whether the ront canal filling 
is completed at the same appointment. The 
more constricted dentin and cementum junction 
(DCJ) permits a much smaller pulp wound 
and resists penetration, even with the initial 
small files. Patency is difficult to estahlish and 
maintain. Dentin debris create a matrix early in 
the preparations and further reduces the risk of 
overinstrumentation or the forcing of debris into 
the periapical tissues. 


Obturation 


For the clder patient the prudent clinician 
selects gutta percha-hlling techniques that do not 
require unusually large midroct tapers and dc 
not generate pressure in this area, which could 
result in root fracture. 


The coronal seal plays an important role in 
maintaining the apically sealed environment, 
and it has significant impact on long-term 
success. Even a root filled tooth should not 
have its canals exposed to the oral environment. 
Permanent restorative procedures should be 
scheduled as soon as possible, and intermediate 
restorative immaterial, should be selected und 
properly placed to maintain a scal until that time. 
When mechanical retention is not ensured with 
the preparation, glass ionomer cements are of 
value for this purpose. 


Success and failure 


Repair of periapical tissues after endodontic 
treatment in older patients with vilal pulps, 
periapical tissues are normal and can he 
maintained with an aseptic technique, confining 
preparation and filling procedures to the canal 
space. Infected, nonvital pulps with periapical 
pathologic abnormalities must have this process 
altered in favor of the host tissue, and repair 1s 
determined by the ability of this tissue te respond. 
Factors that influence repair have their greatest 
cifect on the prognosis of endodontic therapy 
when periapical abnormalities are present. 
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With aging, arteriosclerotic changes of 
bleed vessels increase and the viscosity of 
connective tissue is altered, making repair more 
difficult, The rate of bone formation and normal 
resorption decreases with age, and the aging of 
bone results in greater porosity and decreased 
mineralization of the formed bone. A 6-menth 
recall period to evaluate repair radiographically 
muy not be adeguate, 1 muy take as long as 2 
years tc produce the healing that would occur at 
6 montis in an adolescent 


Increased clinical indications for retrograde 
fillings when surgical treatment is attempted. 
As an isolated symptom, heat sensitivity may 
indicate a missed canal. 


ENDODONTIC SURGERY 


Giencrally, considerations and indications for 
endodontic surgery are not affected by age. The 
need for establishment of drainage and relief of 
pain are not common indications for surgery. 
Anatomic complications of the root canal 
system, such as small or completely calcified 
canals, nonnevotiable rout curvalures, extensive 
apical root resorption, or pulp stones, occur with 
greater frequency in older patients. 


Perforation during access, losing length 
during instrumentation, ledging, and instrument 
separation are iatrogenic treatment complications 
associated with treatment of calcified canals. 


Medical considerations may require 
consultation but do not contraindicate surgical 
treatment when extraction is the alternative 
In most instances surgical treatment may he 
performed less traumatically than an extraction, 
which may also result in the need for surgical 
access to complete root removal, A thorough 
medical history and evaluation should reveal 
the need for any special considerations, such as 
prophylactic antibiotic premedication, sedation, 
hospitalization, or more detailed evaluation. 


Local considerations in treatment of older 
patients include an increase in the incidence 
of fenestrated or delusced roots and exostoses. 
The thickness of overlying soft and beny tissue 
is usually reduced, and apically positioned 
muscle attachments extend the depth of the 
vestibule. Smaller amounts of anesthetic und 
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vasoconstrictors are needed for profound 
anesthesia. Tissue is less resilient, and resistance 
to reflection appears to be diminished. The oral 
cavity is usually more accessible with the teeth 
close together because the lips can more easily 
be stretched. 


The apex can actually be morc surgically 
accessible in older patients. Ability to gain 
such acccss varies with the skill of the surgcon; 
however, some areas are unreachable by even 
the most experienced clinicians. 


The position of anatomic features, such as 
the sinus, floor of the nose, and neurovascular 
bundles, remains the same, but thei relationship 
to surrounding structurcs may change when teeth 
have been lost, The need may arise to combine 
endodontic and pcriodontic flan procedures, and 
every effort should be made to complete these 
procedures in one sitting. 


When apicoectomy 1s to be performed, the 
surgeon must consider whether the root that 
will be left is long enough and thick enough for 
the tooth to continue to remain functional and 
stable. This factor is especially important when 
the tooth will he uscd as an ahutment. 


RESTORATION 


Root canal treatment saves roots, and 
restorative procedures save crowns. Combined 
these procedures are retaining more teeth to 


form and function than was thought possible just 
a few decades ago. 


Special consideration must be given to post 
design, especially when small posts are used in 
abutment teeth; root fracture is commen in older 
adults when much taper is used. Post failure or 
fracture occurs when small diameter parallel 
posts are used. Posts are not usually needed 
when root canal treatment is performed through 
an existing crown that will continue to he used. 


The value of the tooth, its restorability, its 
periodontal health, and the patients wishes 
should he part of the evaluation preceding 
endodontic therapy. 


The restorability of older teeth can be affected 
when root decay has limited access to sound 
margins or reduced the integrity of remaining 
tooth structure. There can also be insufficient 
vertical and horizontal space when opposing 
or adjacent teeth are missing. Patient desires to 
save appliances can sometimes be fulfilled with 
creative attempts that may outlive them. 


In conclusion, if can be seen that geriatric 
endodontics will gain a more significant cole in 
complete dental care as our agmg population 
Tecognizcs that a complete dentition, and not 
complete dentures, is a part of their destiny. 
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CHAPTER REVIEW QUE STIONS 





}. Demonstrate proper diagnosis and treatment plan Sor endodontic treatmentofan zldzrly patient 
2. Compare the differences in endodontic steps treating an elderly and young patient. 
3. Report any spectal considerations while performing endodontic surgery for an elderly patient. 


4. Discuss any special considerations while restoring ancndodontically Ircatcd tooth fora nelderly patient. 
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THE MEDICALLY COMPLEX ENDODONTIC PATIENT 


ne of the challenges Laced by 

dental specialists today is in the 

assessment and management of 

patients with increasingly complex 
medical conditions. Not only has tie average life 
expectancy increased dramatically over the past 
30 years, 25% of patients aged 65 to 74 and 35% 
of patients aged 75 and older have a medical 
condition. Endodontists should be prepared to 
accurately cvaluate medically complex paticnts 
and identify situations thatrequirea modification 
of normal treatment procedures and identify oral 
and systemic conditions . 


Medically complex patients will be defined 
as any palienl requiring modilication of (ie usual 
treatment procedure, 


MEDICAL HISTORY AND PATIENT 
INTERVIEW 


“Never treat a stranger” (Attributed to sir 


William Osler). 


25 to 30% of patients seeking treatment in a 
dental office can be expected to report at least 
one medical condition. 


A standard health history qucstionnaire 
should cover all common medical conditions 
(both treated and untreated), surgeries, 
hospitalizations, medications, and allergies. 


Written health history questionnaire should 
always be supplermenied with a palicnl inlerview, 


The reliability of self-reported information in 
tie healt history may be less than ideal. 


MEDICATIONS AND ALLERGIES 


The list of medications and allergies should be 
consistent with the disclosed medical conditions. 


Heros, dietary supplements, vilamns, 
and offer over the counter medications can 
contribute to complications in the dental setting, 
although patients often fail to report the use of 
[nese substances in the initial evaluation. 


Some nonprescription medications could 
potentially inhibit coagulation or interact with 
anesthetics and vitamin I! may inhibit platelet 
aggregation and can increase the risk of bleeding. 


Tngredients m over- ihe — counter (OTC) 
weight loss products can potentiate the effect of 
epinephrine and increase cardige stress. 


PREVIOUS DENTAL TREATMENT 


Previous dental treatment serves several 
important Functions. First, it allows the patient 
to discuss previous negative dental experiences 
as well as express possible anxiety related to 
proposcd treatment. 


A report of dithiculty in achieving profound 
local anesthesia. 


Potential adverse reactions to dental materials 
or drugs, it can serve as a good lead into other 
important but, potentially more sensitive 
questions. 


PHYSICAL EXAM: VITAL SIGNS 


Vilal signs (blood pressure, heart rate, 
respiratory rate, temperature height, and weight) 
should be recorded prior to dental treatment. 
Blood pressure, heart rale, and respiratory rale 
provide hasclinc information. 


Temperature recorded indicates the presence 
of infection or signs of generalized malaise 
or toxicity. Heigat and weight are important 
in determining appropriate drug dosages in 
pediatric and geriatriv pauenis. 


RELATIVE STRESS OF THE 
PLANNED PROCEDURE AND 
BEHAVIORAL CONSIDERATIONS 


Clinical judgment is essential in determining 
whether or nol siress-reduemy trealmenl 
modifications should be employed. 


Endodontic treatment in general is often 
considered a high- stress dental visit. 


surgical root canal procedures, the presence 
ol acule pain, sell- reported dental anxiciv, of 
difficulty with previous treatment and lengthy 
procedures would all be expected to increase 
the level of stress. If any of these conditions 
are present in addition to significant systemic 
disease, treatment modification including a 
stress reduction protocol should be considered. 


TECHNICAL & EEA aL EADS DAR TIS S 
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PHYSICAL HEALTH STATUS 


(ASA) health classiication system to determine the potential need for medical consultation and 
treatment modifications prior to dental and medical procedures. 


A ee Therapy modification McCarthy and 
; Description Malamed.|979 
Clascification iiaa 


ASAI A normal healthy patient None [stress reduction as indicated) 


aa À Jatient with mild systemic diseasz Possible stress reduction and other modifications 
i r 
as needed 


ASAS À Jatient with a severe syslemic disease that limits | Possible strict modicications stress reduction and 
<= activity, but 13 mot incapacitating medical consultation are priorities 


A patient with an incapacitating systernic discasz | Minimal 2mergency care in office (may consist of 
thal is a constant threal to life pharmacologic management only): hos pilalize Zor 


stressful elective teahnenh medical consultation 


uoged 


A moribund patient who is notexpecled to survive | Treatment in the hosoital ie limited to life support 
withoul the operation only; forexam ole, airway and hemorrhage 
management 


ASAG A declared bram-dead patient whose orpans are Not applicable 
being removed for donor sumos=ss 


CARDIOVASCULAR DISEASE: 





HYPER TENSION 
Hypertension 1s one of the most common medical conditions. 


Hypertensive patients are defined as those receiving treatment for hypertension or those with a 
mean systolic blood pressure(SBP) of 140 mg Hg or greater and/or a mean diastolic blood pressure 
(DBP) of 90 mg Hg or greater. 


Patient with entreated or inadequately treated hypertension are at significantly increased risk for 
acute complications such as myocardial infaretion (MI) and stroke and chronic complications of 
hypertension. 


Systolic blood pressure Ūiastoliz Wood pressure 
Classification (SBP) in mm Hg (DBP) in mm He 


Prehypertension ] 30-139 Or §J-89 


Stage | hyoertsneion l40 159 Or 9 99 





Stage #hyoertension Or <= 100 


Alleast 15% of all adul: denial patients have either untreated or inadequately treated hypertension, 
initia] blood pressure measurement is an essenlial serezening tool prior to dental treatment. 
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SBP selow 160 and 180 or DBP between 
90 and 100 should also be able to tolerate 
most dental procedures without significantly 
increased risk of perioperative cardiovascular 
complications; however, complexity and stress 
of tne planned treatment should be carefully 
done with attention given to stress reduction 
strategies prior to treatment, 


Patient with SBP gcater than 180 and ‘or DBP 
greater than 110 should be referred for medical 
consultation and treatment prior to dental 
(realment and only emergency management of 
pain or acute infection should se considered. 
SBP above 210 and / or DBP above 120 should 
be referred for emergent medical evaluation. 


VASOCONSTRICTOR USE IN PA- 
TIENTS WITH CARDIOVASCULAR 
DISEASE 


Vasoconstrictors are used routinely in 
endodontic therapy as a component of local 
anesthetics and often as a hemostatic agent 
during periapical surgery. 


Lidocame with 1:100,000 epinephrine, 1s 
the usual anestnetie of choice For ront canal 
therapy, although many nonsurgical procedures 
can be performed using local anesthetics without 
vasoconstrictor. 


Epinephrine is preferred over norepinephrine 
or leyanordefrin due to a decreased potential for 
alpha- receptor stimulation. 


Patient with advanecd cardiovascular discasc, 
geriatric patients, and patients taking certain 
medications (eg, MAO monoamine oxidase 
inhibitors and nonselective beta blockers) may 
have a reduced tolerance for vasoconstrictor 
containing local anesthetics. 


since local anesthetics wilh vasovoustriciors 
are very helpfulin obtaining adequale hemoslasis 
and visimility durmg periapical surgery, it may 
be difficult to perform the procedure using 
anesthetics without vasoconstrictors. 


Adequate pain control is an essential 
component of endodontic therapy since pain 

















related stress could stimulate the release 
of significant quantities of endogenous 
catecholamines. Dhittcrent kinds of stress can 
increase the release of signijcant quantities of 
endogenous epinephrine by as much as 20 to 40 
times over baseline value. 


Most autnors feel that 0.036 to 0.054 mg 
of epinephrine (approximately two to three 
caruidges of local anesthetic with 1:100,000 
epinephrine) should be safe for all patients 
except (nose with severe cardiovascular disease, 


Local anestictics with vasoconstrictors 
should be avoided or used wilh extreme caution 
in patients with the following cardiovascular 
condiions; Severe or poorly controlled 
Hypertension, arrhythmias, myocardial infarction 
(MI) within ihe pasl momi, siroke within lhe 
past 3 months and uncontrolled congestive 
neart failure (CHF). An important exception to 
this general rule regarding vasoconstrictors in 
the chore of local anesihetie Cor miravsscous 
injections iH )). 


4A transient mcrease in heart rate can 5e 
expectedinanout two-thirds of patients receiving 
an [O injection using lidocame with 1: 100,000 
epinephrine, although heart rate returns to near 
haseline witam 4 minutes after m jection. 


ISCHEMIC HEART DISEASE 


When coronary atherosclerotic heart disease 
becomes snfficiently advanced to produce 
symptoms, it is referred to as ischemic heart 
disease. Diminished blood perfusion of tae 
myocardium due to coronary artery disease 
(artherosclernsis) is the undeslying cause with 
hypertension as a common contributing factor to 
heart failure. 


Chesil pam secondary to ischemie hean 
disease results when the oxygen demand of 
the myocardium exceeds the oxygen supply. 
Transient pain 1s referred to as angina pectoris 
and is offen deseribed as an aching, syueczing 
sensation or tightness in tie middle of the chest. 
Angina is ollen precipiated by physical aetivily 
or stress and may radiate to the arm or jaw and 
may present as facial or dental pain. Fear and 
anxicty associated with dental treatment may be 
a previpilalion factor for angina. 


Sublingual nitrates are the standard treatment 
for angina and should result in rapid reversal of 
symptoms. Patients should always be instructed 
to bring their usual antianginal medicine witn 
them for dental appointments. If symptoms are 
nol relieved wilh oral nitrates imenedile emer- 
gency treatment sould be initiated. 


Patients with a history of recent MI or 
unstable angina should be aule to tolerate rouune 
dental procedures with local anesthesia althoug7 
medical consultation 1s required and conscious 
sedation wit monitoring is often recommended. 


Treatment modification consideration for pa- 
tients with ischemic heart disease should inelude 
moming appointments, sort appointments, oral 
premedication with an anxiolylie drug aml / or 
nitrous oxides oxygen sedation, limited use of 
yasoconstrictors adequate pain management and 
possible cardiac monitoring. 


HEART MURMURS AND VALVU- 
LAR DISEASE 


Palients with valvular disease present lwo 
primary considerations for dental treatment: 
potential risk for infective endocarditis and risk 
of excessive bleeding in patient on anticoazulant 
therapy. 


| Antibiotic proprylaxis recommended 
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Most heart value abnormalities affect either 
the aortic or tne mitral value and represent partial 
obstruction of blood flow (stenosis) or valvular 
incompetence (regurgitation). 


Two other conditions that place patients at in- 
ereased risk for infective endocarditis are systemic 
lupus erythematosus and certain medications used 
for weignt reduction (dexfenfluramine and fenflu- 
ramine-pheniermine). 


Recently significant changes from previous 
American Heart Associauon guidelines are 
available. 


Antibiotic prophylaxis is no longer 
recommendedfor patients with a history of mitral 
value prolapse [with or without regurgitation) 
rheumatic heari disease, bicuspid valve disease, 
aortic stenosis, and certain congenital heart 
conditions. 


Antibiotic prophylaxis E now recommended 
only tor patient with valvular disease associated 
with the highest risk of adverse outcomes from 
infective endocarditis 


Tor patients in the highest risk category, 
antibiotic prophylaxis is) recommended for 
dental procedures that involve manipulation of 
tingival tissues or the periapical region of teeth 
or perforation of the oral mucosa. 


Highest risk of adverse outcome infective endocarditis: 


Prosthetic heart value 
Previous infective endocarditis 


Congenital heart disease(CHD) 


Unrepaired cyanotic CHD, including palliative shunts and conduits 


Completely repaired congenital neart detect with prosthetic material or device, whether 
placed by surgery or catheter, during the first six months after the procedure 


Repared CHD with residual defects al the site or adjacent to the sile of a prosthetic pateh or 


prostretic device. 


Cardiac transplantation recipients who develop cardiac valvulopathy 
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Antiziotic prophylaxis recommended only for patiems ut highest risk for adverse 


outcome from infective endocarditis 


All dental procedures that involve maniptlation of gingival tissce or the penapical region of 
feetn or perforation of ‘he oral mucosa (dose not include routine local anesthetic injections 


through noninfected tissue) 


Standard oral regimen 


Adults: 


Adclts:2.0¢ Amoxicillin 
Children: SOmg/ka 


2 0 Cephalexin or other |* or 2°? generation cephalosporin in 
equivalent dosage 


OR 


Alternative oral regimen for 
patients allergie to penieillin or 
patients who arc currently taking 
a penicillin class antibiotic 


OR 


Children: 


600m¢ elindam yein 


500mg azitnromycin or clarithromycin 


50mg/kye Cephalexin or otier 1* or 2™ veneration 
cephalosporin in equivalent dosage 


OR S0mg/kg IM or [Y Cefazolin or Ceftriaxone 


Adults: 


|De IM or IV Cefazolin or Cettnaxone 


OR 


Alternative IM/IV regimen for 
. patients allergic to penicillin and 
unable to take oral medications 


Children 


600mg IM OR IV clindamycin 


S0mefke IM or IY Cefazolin or Ceftriaxone 


OR 


20mg/x¢ IM or [V clindamycin within 30 minutes before ‘he 





procedure 


Procedures associated with nonsurgical root 
canal treatment such as local anesthetic injection 
placement of tne rubberdam, and instrumentation 
when contained witan ‘he canal system do not 
place the patient at senmihcant risk for infeetive 
endocarditis. The mcidence and magnitude of 
bacteremia when canal instrumentation does not 
extend into the periapical tissues is very low and 
almost all bag‘eria are eliminated (rom the blood 
within 10 minutes, 


Canal instrumentation beyond the apex, 
intraligamentary and [Q injections,and periapical! 
surgery can all be expected to result in a higher 
risk Cur transien’ bacteremia. [n these stiua‘ions, 
antibiotic premedication is recommended [or 
patients in the highest risk disease categories. 


Some patients with significant heart murmurs 
may ‘ave dyspnea, fatigue and difficulty in 
breathing when reclined in ‘he dental chair 
aud therefore the dental procedure may need to 


ne performed with the chair m a more upright 
position. They also suggest that the use of a 
rubber dam may be contraindicated for some 
of these patients due to restriction of air flow; 
nowever, this may be overcome with careful 
application of the rubber dam. Failure to use the 
rubber dam 1s considered below the standard of 
care for root canal therapy and extraction may ne 
the only option for these patients if a rubber dam 
cannol be used, 


ANTICOAGULANT THERAPY AND 
BLEEDING DISORDERS 


Anticoagulant works by blocking tne 
formation of protnrombin and other clotting 
factors, Te international normalized ratio IMR) 
value is the accepted standard for measuring 
prodhrombin dune (PT). the desired ‘herapeuue 
range for INR is usually between 2 and 3.5 


Nonsurgical root canal treatment does not 
usually require modification of anticoagulant 
therapy, altaough itis important to ascer‘ain that 
the patient’s INR 18 within the therapeutic range, 
especially if a nerve block injection 1s required. 
In cases of periapical surgery consultation with 
the patent's physician is required. 


Low-dose aspirin therapy mercase blecding 
‘ime by irreversibly inhibiting platelet aggrega- 
‘lon. No treatment modifications should be nec- 
essary for nonsurgical rool canal procedures. 


In surgical procedures advise patients to 
discontinue aspirin therapy for 7 to 10 days prior 
‘oan oral surgical procedure and bleeding could 
ne controlled by local measures. 


Some (NSAIDs) also have an antiplatelet 
effect but, unlike aspirin the effect is reversible 
so when disconinced the platelet aclivily 
should be expected to ratum to normal witain 
approximately ‘three half-lives of the drug. 


Heavy alcohol consumption, liver disease, 
and verlain medications can ieredse ihe risk 
of preoperative nleeding in patients taking 
antiplatelet medication. Medical consultation 18 
advised prior to surgical procedures. 


cuAPTCR | 2D } 
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Sume heræ aml diclary supplements muy 
also affect bleeding risk. 

Medical consultation is required prior 
to den‘al treatment for patients with serious 
nleeding disorders suen as thromnocyropenia, 
hemophilia, and Von Willebrand's disease. 
Replacement of def.cient coagulation factors 
or platelet Lransfuston may be reyuired prior tu 
dental treatment. 


ARRHYTHMIAS AND CARDIAC 
PACEMAKERS 


Cardiac arrhytiomias are disturbance in tie 
normal rate or rhythm of the heartveat. Anxiety 
associated with dental treatment may mducc 
arrhythmias in susceptible patients, 


Patients with cardiovascular diszase are 
more prone to amhythmias during oral surgery 
procedures with local anesthesia. 


Dental treatment can he safely performed 
using the same stress reduction treatment 
modifications, Recent clinical studies coneluded 
tha EAL and EPT devices should be safe to 
use in patients with cardiac pacemakers and 
cardioverter f defibrillators. 


Now mucosal lip clip is used to complete the 
careul with the EPT device instead of having Lie 
patient hold the EPT wand in their hand. 


Using the patients hand to complete the 
dreul may allow Cor electrical current w pass 
Lnrovgh an area of the body in closer proximity 
to the pacemaker. 


CONGESTIVE HEART FAILURE 


Well- manged CHF should tolerate routine 
dental treatment with possible minor treatment 
modifications. Patients with moderate to 
advanced CHF may require a more upright 
chair position duc to the presence of pulmonary 
edema. 


Uncompensated, advanced CHF requires 
medical consultation prior to dental treatment 
and vasocons‘rictors sould be avoided. 
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New York Heart 
Association CHF 
Classification 


No limitations no physical activity; 
no dyspnea, fatigue, or palpitations 
with ordinary physical activity 


Class | 


Slight limitation on physical 
activity, comifurtable al rest bul may 
experience fatigue, palpitations, 
and dyspnea with ordinary physical 


Class ? 


activity 


Significant limitation of activity, 
comfortable at rest but even minor 
activity result in symptoms 


Class 3 


Symptoms present at rest; 
symptoms exacerbated by any 
physical activity 


DIABETES 


[DM is denned as a fasting blood glucose level 
greater than 125 me/dl and the normal fasting 
blood glucose level is considered to be less than 
110 mg/dl. 


Avoidance of appointments that will overlap 
with or prevent scheduled meals. Symptoms 
of hypoglycemia may range form mild such a 
apxlely, swealing, tachycardia, to severe, such as 
mental status changes, seizure, and coma. Severe 
hypoglycemic episodes are a medical emergency 
and should promptly be treated with 15g of oral 
carbohydrate, such as 6 oz orange juice, three to 
four teaspoons of table sugar. 


If a patient is unable to cooperate or swallow, 
1 me glucagon may bc administered by 


subcutaneous or mtramuscular injection. 


Surgical procedures in well-controlled 
diabetics do not require prophylactic antibiotics, 
When surgery is necessary in the poorly 


controlled diabetic, prophylactic antibiotics 


Signs and symptoms 


Dental management 
Considerations 


Should he able to tolerate routine 
dental trcatment; stress reduction 
protocol as needed 


Should be able tu tolerate routine 
dental treatment; stress reduction 
protocol as needed; possible medical 
consultation 


Medical consultation consider 
treatment in hospital dental 
clinic or similar facility; avoid 
vasoconstrictors 
Medical consultation conservative 


treatment only, treatment in hospital 
dental clinic; avoid vasoconstrictors 





should be considered due to the altered function 


of neutrophils in diabetics. 


Delayed alveolar healing raise the suspicion 
of osteomyelitis, for which prompt surgical 


consultation should be arranged. 


PULMONARY DISORDERS: 
ASTHMA COPD AND TUBERCULOSIS 


Asthma is a chronic inflammatory respiratory 
disease with recurrent episodes of chest tightness, 


coughing, dyspnea, and wheezing, 


Patients should be instructed to bring their 


inhalers (bronchodilators) ta each appointment. 


During dental treatment, the most likely 
times for an acute exacerbation of asthma are 
during and immediately after local anesthetic 
admunistraion because stress is implicated as a 
precipitating factor in asthma attacks. Scdation 


may be beneficial while nitrous oxide may be 


TESE AT Bee IRICAIL FARRER TS A 


used in patients witi mild- to- moderate asthma 
due to its potential to cause airway irritation, 
Alternatively, oral premedication may be 
accom plisned with small doses of a short- acting 
benzodiazepine. 

Patients with pulmonary disease, in a 
semisuping position the use of a rubber dam may 
induce a fecling of airway constriction, careful 
applivation of the rubber dam and adminislraulion 
of humidified low- flow oxygen. may be 


considered. 


(TB) isaninfectious disease [nat is spread by 
bacilli-containing airborne droplets typically by 


enughing sneczing or talking 


Oral tubercular infections are rare, occurring 
in 0.03 to 3% of patients with TB, thougn when 
Icsions arc present, they typically consist of 
ulcers, fissures, or swelling on the dorsum of 
the tongue. In patients with suspected active 
TB, dental treatment should be delayed until 
the individual can be treated and subsequently 
proved nonintections. Routine dental treatment 
IS appropriate after it has been established. The 
clinician should be aware of potential drug 
interactions when managing dental patients 


undergoing antitubercular treatment. 


CENTRAL NERVOUS SYSTEM: 
STROKE, SEIZURE DISORDERS 
AND HYDROCEPHALIC SHUNIT'S 


Blood pressure should be checked before 
lrealmment lo identify a pateni whose blood 
pressure is elevated and who might de at risk 
fora stroke if su? jected to stress. Slurred speech 
loss of motor control over a portion of tne body, 
unilateral facial dreop, unilateral visual changes, 
and unilateral severe neadache are all potential 
sians of a stroke. If any of these events occur, the 
patien should have his/her vilal signs checked, 
be placed in a supine position, have vital signs 
monitored, and be transported to an emergency 
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faciliy. Palienls with a history of siroke may 
be at risk for aspiration due to swallowing 
abnormalitis, so they should ne positioned in a 
semisupine position, and rubzer dams should 
be always used. Most people who have seizers 
have good control and are capable of receiving 
routing dental care. The endodontist should 
be aware of ihe paueni’s seizure medications, 
since many antibioucs are 
Should a seizure occur in the dental office, the 
procedure should he stopped immediately and 
all instruments sould be removed from the 
oral cavity. The patient should be placed in a 
supine position and low to the ground. Basic 
life support should begin immediately, including 
opening the arway, oblainimy vilal signs such 


contraindicated. 


as heart rate and blood pressure, and contacting 
emergency medical services. The risk of shunt 
infection following invasive dental treatment 
for patients with hydrocephalic recommends 
penicillin prophylaxis 


RENAL DISEASE AND DIALYSIS 


Chronic renal failure is a slowly progressive 
condition characterized by an irreversible 
reduction im the glomerular filiration rale. 
The progression of this disease begins with an 
asymptomatic decrease in the kidney function 
and cvyentually results m cnd- stage renal 
disease( ESRD). 


ESRD is potentially fatal unless the patient 
undergoes dialysis or kidney transplantation. 
Dialysis removes fluid and wastes and 
equilibrates electrolytes and acid-bascs via 
diffusion and osmosis across a semipermeable 
mem orane, 


Mechanical tranma to platelets and 
anticoagulants suc n as heparin used during 
hemodialysis may increase the renal patient's 
tendency for bleeding. It is recommended that 
dental procedures be performed on nondial ysis 
days, typically the day after dialysis, the 
endodontist should be aware that abnormal 
platelet function may cause a greater risk of 
bleeding during surgical procedures. 
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Infections antibiotic premedication nave also 
been recommended for hemodialysis patients to 
prevent vascular access infections, Dacteremia 
and infective endocarditis. Renal osteodystrophy 
and secondary hyperparathyroidism may 
occur in late stage disease due to disorders in 
calcium phosphorous and atnormal vitamin D 
metabolism such a manif esta‘ion may predispose 
renal patients to jaw fracture during surgical 
procedures. 


Because many drugs are metabolized via 
the kidney, renal dosing should account Cor ‘he 
drug's extended nalf-life by lengthening the 
interval between medication doses. In particular, 
antibiotic medications should be adjusted for 
renal dosing. NSAIDs should be avoided in 
patients with renal insufliciency due to ‘heir 
nephrotoxic effects, but on longer need to be 
avoided when tie patient has ESRD. 


CANCER CHEMOTHERAPY 
AND RADIATION THERAPY 


Prior ‘o cancer treatment, all sources of 
inflammation and potential infection should be 
eliminated. 


Many cancer patients have indwelling 
catheters that may be susceptible to infection 
and while controversial, the American Heart 
Association (AHA) regimen for antibiotic 
prophylaxis ^as been recommended before 
invasive dental procedures. If an individual 
is receiving chemotherapy, the endodontist 
should be Familiar with ‘he patients white 
blood (WRC) and platelet status. 
Endodontie procedures can be performed if the 
neutrophil count is greater than 2000 cells per 
cubic millimeter and platelets are greater than 
50,000 cells per cubic millimeter. Postradiation 


coun’ 


osteonecrosis (PRON) induced changes in the 
jaws impose, protocols to reduce the risk of 
ostconccrosis include selection of endodontic 
therapy over extraction, use of nonlidocaine local 
anesthetics that contain no or low concentration 
of epinephrine, and prophylactic antibiotics plus 
antibiotics during the week of nealing. 


BONE MARROW AND SOLID 
ORGAN TRANSPLANTATION 


HEMATOPOIETIC STEM CELL 
TRASPLANTATION 


Prior to transplantation patients should un- 
derzo a thorouzh dental examination and treat- 
ment to perm: adequate nealing before the 
HSCT. Pretreatment endodontic therapy should 
be campleted at least 10 days prior to initiation 
of cancer therapy. Teeth with poor prognoses 
sould te extracted. 


Instituted numerous oral complications may 
develop including mucositis, graft-versus- host 
disease, infection, taste change, and bleeding. 
Patients should not resume routine dental 
treatment, inclnding dental scaling and polishing, 
uniil adequate immunological reconstitution has 
taken place. This typically occurs in less than 
| year posttransplant. The aerosolization of 
debris and bacteria during the use of high speed 
rotary cu‘tma mstraments can put ‘he patiant 
at risk for aspiration pneumonia. Additionally, 
bacteremias occur as a result of dental treatment 
and can cause serious outcomes, 


SOLID ORGAN TRANSPLANT 


Fertransplant patients should undergo 
eradication of dental disease, including 
endodontic procedures as warranted to remoye 
any potential sources of infection, and deferral 
of any elective treatment. 


Immediate posttransplant period emergency 
dental procedures may be necessary at this 
silage. Patients are highly immunosupperssed 
fo prevent organ rejection, sn the AHA 
regimen of antibiotic prophylaxis with possible 
postoperative antibiotics may be recommended 
for invasive procedures. 


After the posttransplantation and the patient 
has necn stabilized indicated dental procedures 
may be performed after consultation with the 
paticnt’s transplant team. 


Finally the endodontist should ne aware 
that posttransplant recipients will likely be on 
immunosuppressan’ therapy regardless of the 
lenga‘h of time posttransplan‘ation . 






































PROSTHETIC JOINTS TRANSPLANT 


Increased risk for developing a hematogenous joint infection following dental procedures so there 


Ba necessity for prophylactic antibiotics 


Cephalexin, cephradine or 


Patients not allergic to penicillin 


amoxicillin 


Patients not allergic to penicillin 
and unable to take oral 
medications 


Patient sllergic to penicillin Clindamycin 


Paticnts allergic to penicillin and 


ee Clindamy¥zin 
unable lo take oral medications F 


The selection of antibiotic and dosage 
regimen differs slightly from tne commonly 
accepted regimen for prevention of bacterial 
endocarditis. Antibiotic prophylaxis is not 
indicated for dental patients with pms, plates, 
screws, and penile or breasl implants; nor is it 
routmely indicated for dental paticnts 2 years 
after total joint replacements. 


PREGNANACY 
There 18 no contraindication to using 
necessary diagnostic procedures, such as 


appropriate radiographs,as long as normal safety 
precautions are followed. Endodontic therapy 
should be provided regardless of the patient’s 
phase of pregnancy. Elective dental procedures 
may ollen ve performed im the second Lrimestler, 


Some medications may he harmful to the 
fetus, safe alternatives are often available. 


A common misconception is a concern 
over the use of local anestheuecs vonlamy 
epmepirine. Local anesthelies conta 
epmephrine. should be relatively safe for use 
during pregnancy and allow for greater depth 
and dnoration of anestresia as well as reduction 
of any potential systemic effect of lidocaine. In 


addition, the only commonly available alternative 


Cefazolin ar ampicillin 





Regien 


2 erams orally | hour prior to dental proceduce 


Cefazolin 1g or ampicillin 2g intramuscularly or 
intravenously | hour prior to the dental procedure 


Clindamycin 590 mg orally 1 hour prior to the dental 
procedure 


600m¢ intravenously 1 hour prior lo the dental 
procedure 


to local anesthetics with a vasoconstrictor B 3% 
IMcplvicaine, 


Pregnant women may be more susceptible 
to imfcction which may be partly duc to 
physiological changes as well as alternations in 
phartmacok metics. 


HUMAN IMMUNODEFICIENCY 
VIRUS 


The most elTecuve management im the 
progression of HIV infection and AIDS is a 
combination of antiviral agents known as highly 


active antiretroviral therapies (HAART). 


No modification of irreversible procedures 
of surgical treatment 1s recommended unless 
patients nave reduced platelet count [<50,000 
cells per milliliter) or neutrophil counts <!,000 
calls per milliliter. 


Routine antibiotic use is contraindicated, 
The prognosis for successful healing of necrotic 
teeth with chronie apical periodontitis following 
root canal treatment is essentially the same for 
IY positive paticnts as for noninfected patients. 
Anuibivlics are used only if warranted by the 


clinical infection, and in a neutropenic patient. 
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LIVER DISEASE 


Performing any surgery in the preliver 
transplant patient involves the risk of severe 
hemorrhage due to thrombocytopenia or 
reduced hepatic synthesis of coagulation 
factors. Preoperalive evaluation should include 
a complete nlond and platelet connt, Pl or INK, 
and partial thromboplastin time to ensure an 
intact coagulation system. Patients with cirrhosis 
have an increased susceptibility to infection. 


Antibiotic prophylaxis prior to dental 


procedures is recommended. 


A recommended oral regimen is 2.0 g of 
amoxicillin plus 300mg of metronidazole l 
hour before ihe dental procedure, or palienls 
may be given 2.02 of ampicillin plus 500mg of 
metronidazole intravenously | hour before the 
procedures. 


Alteration of medication dosage hased upon 
hepatic compromise, additional medications, 
and site of metabolism of the medication may 
require consultation with the patient's physician. 


ADRENAL SUPPRESSION AND 
LONG TERM STERIOD USE 


Supplemental steroids are often recommended 
before and possibly following surgery to 
prevent adrenal crisis in patients who receive 
chronic daily steroid therapy. For minor surgical 
proceedures suen as routine endodontic surgeries, 
the glucocorticoid tarzet is about 25m2 of 
hydrocortisone equivalent (5mg of prednisone) 
onthe day of surgery. IH a moderate risk surgery 
18 fo be performed the alucocortiend target 18 
about 50 to 73 mz per day of hydrocortisone 
equivalent on the day of surgery and for 
ane pousloperauve day. Nonmsurgical dental 
procedures, including nonsurgical root canal 
treatment gencrally require no snpnlementation: 
however, this should be reviewed on a case by 
case basis and consideration. 


As a rule of thumb, a patient who recently 
discontinued the useof exogenous corticosteroids 
should wail 2 weeks before undergomy surgical 


procedures. Patients on alternate day steroids 
do not likely require steroid supplementation. 
Eiforts to vonirel pam and infection can decrease 
the risk of an adrenal crisis. 


ALLERGY TO MATERIALS USED 
IN ENDODONTIC THERAPY 


Anproximately 15 to 20% of dental patients 
report some form of allergy on their medical 
history questionnaire and approximately 5% 
report allergy to one or more drugs, 


The medical history questionnaire scrvcs 
as the first stage in screening for allergies but 
should always De supplemented with direct 
patient questioning about the history of allerzic 
reacios lo any drugs or subslances. True 
allergic reactions are characterized by one or 
more of the following signs and symptoms; skin 
rash, swelling urticaria, chest tightness ,sortness 
of breath, rhinorrhea, and conjunctivitis. Type | 
(immediate or anaphylactic IgE-mediated) and 
type IV (delaved,cell-mediated) arethetwo types 
ofallergicreactions most likely to be encountered 
as a resnit of exposure to a snbstanec used in 
endodontic treatment. Type I hypersensitivity 
requires previous exposure to the antizen 
and can occur ofter a single prior exposure of 
muliiple prior exposures to the allergen. The 
reaction occurs shortly after exposure and can 
rapidly progress to life- threatening anaphylaxis. 
Type [V hypersensitivity typically appears 48 
to 72 hours after exposure and is mediated by T 
lymphocytes in contrast to the humoral immune 
system (antibody)-mediated type I reaction. 
Contact dermatitis is a classic Type IV reaction. 


LOCAL ANESTHETICS 


Sulfite preservatives used in local anesthetics 
containing epinephrine and latex allergen 
released mlo the anestheue soluuen from the vial 
stopper are potential causes of allergic reactions. 
Although reaction to the sulfite preservative 15 
also believed to De rare, since preservatives 
are used only in local anesthetics containing 
a vasoconstrictor, the risk of allergic reaction 
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from this potential source can be eliminated 
hy using an anesthetic without vasoconstrictor 
and preservative (e.g. 3% mepivicaine!. Local 
anesthetic cartridges contain two potential 
sources of latex allergen that could possibly 
leach into the anesthetic solution- the rubber 
stopper and the diaphragm. 


AS a practical matter, patients referred for 
allergy testing should be given sample cartridges 
of al least two different local anesthetics so thal 
the allergist can test with the same solution that 
will be uscd for dental treatment. 


A solution of 1% diphentydramine with 
1:100.000 epinephine can be compounded by 
a local pharmacist and used for infiltration or 
mandibular block injections. The dosage should 
be limited to a maximum of 50 mg at each 
appointment. 


LATEX 


Of the many materials used in the dental 
office with the potential for initiating an allergic 
reaction natural cubber latex (NRL) is the 
most common. Type IV sensitivity is the most 
comman type and is related fo the various 
chemicals used in processing of NRL. The 
potentially much more sericus Type I sensitivity 
to NRL is a reaction to proteins found in NRL. 
Urticuria is the most common intial finding in 
Type l sensitivity reaction to NRL. Patients with 
a history of multiple surgeries and health care 
workers all have an increased risk of sensitivity 
to NRL. Some food allergies (e.g, avocado 
and banana) are associated with an increased 
risk of lutea allergy considering the multiple 
potential sources of exposure to NRL in the 
dental office (c.g. rohher dam material, gloves, 
local anesthetic cartridges, rubber mouth props, 
rubber tubing and even some blood pressure 
cuffs). History of allergy to NRL reguires special 
treatment modification, in addition, clinicians 
who treal patients with known or suspected 
sensitivity to NRL should he prepared to provide 
tial management of an acute allergic reaction 
if necessary. 
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Consultation with the patient's primary care 
physician or allergist is advised to help assess the 
degree of risk, previous reactions and treatment, 
and possible premedication with a corticosteroid, 
All potential sources of NRL exposure in the dental 
office should be considered. Non latex gloves and 
rubber dam materials are now readily available 
[rom commercial sources and these items may be 
easily substituted for NRL-contaming products 
since latex allergens can be transferred by contact 
with powder from latex gloves and other sources. 
It may he prudent to schedule the patient as the 
first of the day to decrease the chance of contact 
with residual latex allergens on environmental 
surtaces, clothing, and room air. 


ANTIBIOTICS AND ANALGESICS 


Allergy to penicillin is one of the most 
commendrug allergies and affects approximately 
2.5 milhon people . 


It should be presumed that the patient is 
also allergic to the synthetic penicillin. In 
addition, cephalosporins show cross-reactivity 
in approximately 5% to 10% of penicillin 
allergic patients. Clindamycin is an appropriate 
alternative 
endodontic mfections and bacterial endocarditis 


prophylaxis. 


Clarithromycin is another medication that 
can be considered. 


NSAIDs are the usual druges of first choice 
for management of endodontic- related pain and 
are tolerated well by most patients. However, 
caution shodld be used in prescribing NSAIDs 
in patients with asthmaand / or known allergy or 
SEDSILIVILY 40 aspirin, 


IRRIGATING SOLUTIONS 


Allergic reaction and/or hypersensitivity 
to sodium hypochlorite when used as an 
endodontic irrigating solution is rare. Alternative 
to sodium hypechlorite include sterile saline 


to penicillin for treatment of 
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or water, chlormexidine hydrogen peroxide 
(2%), cthylenediamine tetraacetic acid (EDTA, 
L056 to 17%), citric acid (105%), and a recently 
introduced material, MTAD. 


Of these allernalives, Iodine potassium iodide 
and chlorhexidine possess the potential for 
stimulating an allergic reaction. 


INTRACANAL MEDICATIONS, CE- 
MENTS AND FILLING MATERIALS 


[niravanal medications such as [ormucrzsol 
formaldehyde, cugenol, camphorated phenols 
and cresatin are all known to ze potential 
allcrgcns. 


Calcium hydroxide paste, a commonly used 
Intra-appointment medication, is not allergenic. 
Temporary filling coaterials vonlainmy vine 
oxide and eugenol (7nOE) have the poiential for 
allergic reactions and, unlike materials contained 
exclusively within tne confines of the ront canal 
space, are likely to have contact with mucosal 
LISSUCS, 


Zin oxide and eugenol,a potential allergen, is 
d COMMON COMIPOUCIIL of many rool cana [ sealers 
and two common root-end filling materials 
(IRM and super EBA). Sealers contaming 
formaldehyde or paraformaldehyde (such as 
N2 paste and Endomethazonc), cspecially 
when extruded beyond the apex, have teen 
demonstrated to stimulate often severe allergic 
reactions. Resin-zased sealers such as AH26 
and AHPlus also have the potential to stimulate 
an allergic response although this is believed to 
be rare. Calcium hydroxide based sealers such 
as Sealapex or glass 1onomer sealers such as 
Kelae-Endo vould be reasonable allernatives 
for patients with known allergy to any of tne 
components of “nOk or resin-based sealers. 


Dentin-bonded resin-type root-end filling 
materials haye demonstrated no evidence of 
allergic reactions. MTA has demonstrated 
excellent biveompaubillly aud no suspecled 
allergic potential. 











Suspected allergic reactions to gutta-percha 
in patients who were allergic NRL. 


Gutta percha contams other ingredients such 
as barium sulfate, zinc oxide, waxes, and coloring 
agents; so potential allergy to any of these 
materials should be considered, especially if there 
is a potential for extrusion of filling material. 
Newer non-gutta- percha filling materials (e.z. 
resilon) show promise but could be expected to 
contain many of the same added ingredients as 
commercially available gutta-percha. In patients 
wilh muluiple allergies Catupy) and suspected 
allergy to any of the components of gutta- 
percha consultation with the patient’s prvsician 
is advised. If safe use of the standard ohurating 
maternal cannot be confirmed, one alternative 13 
to fill the root canal space with MTA. 


LAB TESTS OF POTENTIAL IM- 
PORTANCE IN ENDODONTICS 


Dentists may be uncomfortable in ordering 
laboratory tests. Referral to a physician 18 always 
appropriate, but there is no reason for a dentist 
to De intimidated by the process. Dentists are 
often the first healthcare provider to identify 
systemic disease. Frequently, this is the case 
because oral issues are the [irsi to be affected. 
Also, many patients do not regularly visit 
their physician, or many receive only cursory 
information on subtleties of oral changes from 
disease. [.cukemma, on suntletics endocarditis- 
induced oral petechiae, bleeding disorders 
yancus cancers, and many other diseases are 
first suspected in the dental office. Ordering a 
laboratory test to confirm or rule-out suspicions 
is perfectly appropriate for any denisi. Culture 
and sensitivity testing for identification of 
lhe cause Of an infection and the most likely 
effeclive anlimuecrobial should be in 
dentist’s armamentariuiq. 


SVeTy 


Laboratory tests are commonly helpful to 
dentists. Disorders of inflammation, perhaps 
related to a chronic dental infection, may cause 
an increased erythrocyte sedimentation rale. 


Blood tests can be helpful in identifying 
blood dyscrasias from cellular imbalances to 
inflammatory system cvaluation and to clotting 
factors. Most classic hemophiliacs are diagnosed 
early in life and can provide the dentist with 
important information by history. Every dentist 
should be aware of ine risks associaled with 
altered blood clotting profiles of their patients. 
Newly identified risk assessment studies have 
shown the mortality and mormidity of decreasing 
anti-clotting parameters. The dentist should 
be comfortable in interpreting these tests to 
determine if a patient is a candidate fora surgical 
procedure. 


A patient is a candidata for a surgical 
procedure the prothrombin time test has been 
largely replaced by the INR, which uses a 
standardized control and expresses the result 
in a percent of normal clotting time. This test 
evaluates the extrinsic vlolliny mechani sm, With 
an INR of l bema the normal level, minor dental- 
alveolar surgery can be carried out toa INR level 
< 35 with local methods of hemostasis surficing 
for other than minor surgery, consultation should 
be obtained with consideration for modification 
of the anticoagulation or hospitalization. 


The partial thromboplastin time test remains 
valuable to determine the intrinsic clotting path- 
way, waich 1s the clotting factors in nlood plasma. 
Bleeding time, the number of minutes required 
for a standard wound to clot, may help diagnose 
later onset problems of importance to the 
dentist sue as von Willebrand's disease, where 
the intrinsic factor VIII is diminished by this 
hereditary defect. Also, bleeding time identifies 
disorders of the platelet system, including thosc 
induced by salicylates or NSAIDs. 


Complete lood counts enumerate platelets, 
ditferent white blood cells, and red blood cells 
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and can confirm or rule out many suspicious 
findings. An increased numbers of red cells, 
polycythemia vera, can reveal itsclf as darker 
gingiva, because of the engorgement of the 
vascular system. Blecding gingiva can be sccn In 
many forms of leukemia. Petechiae due to sickle 
cell anemia can be diagnosed Dy the occasional 
characteristic shaped red blood cells. 


While it is easier to direct patients and staff 
who are accidentally exposed to blood-born 
pathogens to someone trained m counseling for 
such risks, tests for such infectious agents may 
he ordered by the dentist who expects a disease. 


Patients with unexplained radiclucencies of 
their jaws may need testing for certain disorders. 
For example, a muluple myeloma patso will 
have the abnormal Bence Jones protein in their 
unne. A patient wiki hyperparathyroiism- 
caused bone radiolucencies will have elevated 
blood calcium and decreased slood phosphorus. 
Urine paosprorus serum alkaline phosphatase 1s 
clevated in hyperparathyroidism, although not as 
markedly as with paget’s discasc. 


Diazetes mellitus has broad implication in 
healing blood or urime glucose elevations can be 
ihe impetus needed to send a patient for medical 
care, 


Allergies can make life unpleasant for many. 
They may stem form food allergies which can 
cause nutritional imbalances which may be 
suggested by changes in oral tissues. They 
may include dental materials, such as nickel or 
eugenol, making the patient less likely to have 
a favorable treatment outcome. The dentists 
who suspect such a problem will probably refer 
the patient to an allergist for skin or other tests 
aud then help manage lne denal aspects of the 
paticut’s care. 
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CHAPTER REVIEW QUESTIONS 


® Point out the importance of medical history and patient interview and the need for treatment 
modifications. 


e Assess how the complex medical history could modify the treatment plan. 
®  I[dentify possible treatment modifications for pregnant paticnts. 
© Describe any possible allergic reaction to materials used in endodontic therapy. 


e Diseuss the laboratory tests of potential importance in endodonties. 





® Goodchild J, Glick M. Adifferent approach o medical risk assessment. Endod Top 20034: l-3. 


® MorrisAM, WeobGD. Antibiotics before dental procedures for endocardiatis prophylaxis: back to the 
future. Heart 2001 ;86(1):3-4. 


» Walton RE, Torabinelad M. Principles and practice of Endodontics, W.B. Saunders company, 4% 
edition 200%, 


* (Cohen & Burns R C. Pathways of the pulp, Mosby. LO" edition 2011. 


* Ingle J, Bakland LK, Baumgarmer JC. Ingle’s endodontics, BC Decker Inc, 6" edition 2008. 
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© INTRODUCTION 


BIOMATERIAL: 


* A biomaterial is any matter, surface, or 
construct that interacts with biological 
systems. As a science, biomaterial 1s about 
fifty years old. 


of biomaterials w called 


* The 
biomaterials science, 


study 


* Biological biomaterials arc discussed in 
terms of tissue engineering and stem cell 


research and nanoelze nologies. 


Nanotechnology: 


The term nano is adapted from a Greek word 
means; Dwarf. (meaning extremely small). These 
small scientific scales were first revoluhonized 
by Richard Feynman at his famons speech at 
tne Annual Mecuny of the American Physical 
Society in 1959 0# 


NANOMETER (im): 1s onc bilion (10% 


of a meter, or roughly the length of three atoms 
side by side '* 





DNA double-helix nas a diameter around 
is 2.45 nm wide, a human hair is approximately 


LO.000nm trick, 


NANOSCIENCE? is the study of phenomena 
and mainpulation of materials at the nanoscale 
(1-100 nanometers) 


NANOTECHNOLOGY: also known as 
molecular nanotechnology or molecular 
engineering and sometimes shortened to 
“nanotech”. It is the manipulation cf matter on an 
atomie and molecular scale. It is the production 
of Tuncuional materials and structures in the 
range of 1-100 nm“. It involves the tailorme 
of materials at atomic Icvcl to attain uniguc 
properties, which can be suitably manipulated 
for the desired application’, 


«Nanomaterials ( Fig . I) 


Nanomaterials are categorized according tn 
their dimensions as *; 


l. All three dimensions less tnan [0Onm, c.g.. 
Nanoparticles. 


bho 


Two dimensions less than l00nm, e.g., 
Nanotunes. 


3, One dimension less than 100nm, e.g., thin 
films. 


i Nano-F ilm 


Fig. 1. Different dimensions o? nanomalerials 


*Proper ties of nanoparticles: 


What makes “ nano “ special 2? 


A- Quantum effect: al the NANOMETER 
SCALE, tne properties of matter, like 
electrical conductivity, color, strength or 
welgnt change. This i consequence of the 
small size of the nanomatenals, physicaly 
explained as Qnantum effect. lix: Dulk of 
silver i5 nanotoxic, wiercas nanosilver has 
antibacterial properties. 


B- Surface to volume ratio (Fiz.2) 
Nanomaterials have an increased surface to 
volume ratin compared to bulk materials; 
this means that for a given volume of a 
material, the external surface is greater if 
it's made of nanomaterials sub-unils thao of 


hulk material. 





Fie. 2. 1kg of particles of | mm? has the same surface area 
as ] mg of partic.es of | nm. 


C- Nanoparticles posscss an extremely large 
surface free energy, which affect its 
chemical reactivity and increased production 
of reactive oxygen species (ROS) that rave. 
potent antimicrobial effect. Also, cause the 
nanoparticles to agglomerate to form either 
clusters or larger particles to minimize 
the total surface or interfacial energy of the 
system, Which occur at the synthesis stage, 
during drying and subsequent processing of 
the particles. Thus, it Is very important to 
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stabilize the particles against agglomeration 
at cach stcp of particle production and 
powder processing. 


» Types of nanoparticles (NPs): 
Nanoparticles 


‘organic NPs) 
‘inorganic NPs) [9 


polymers 
elements 


be organic 
NOT ganic 


can 
and/or 


Liposomes, dendrimers, carbon nanomate 
rials are examples of organic NPs. While in- 
organic NPs, such as polystyrene, magnetic, 
ceramic, and metallic NPs, have a central corm 
composed of inorganic material that def me treir 
fluorcsecnt, magnetic, clectronic and optical 
properties”. 


Materials referred to as “nanomaterials” 
generally fall into two categories "5%; 


1) Fullerenes: are any molecules composed en- 
lirely of carbon, m form of hollow sphere, 
ellipsoid, tube, and many other shapes. 
Spherical fullerenes are called buckyballs, 
and they resemble the balls used in football 
soccer) and cylindrical ones are called car 
bon nanotubes or suck ytunes (Fig 3). 


2) Nanoparticles: are defined as particnlate 
dispersions or solid particles with a size in 
tne range of LO-100 nm. 


* Shapes of nanoparticles 
A- Nanoroads (Fig. 4): 


Typically 1-100 am in length, nanorods 

most often made from semicondueting 
materials and used in nanomedicine as imaging 
agents. Nanorods are of particular interest 
in a restorative context. Enamel-prism-like 
hydroxyapatite (HA) nanoreds has been 
synthesized. Since they are similar to the enamel 
rods that make up the basic crystalline structure 
of dental enamel, nanorcds could contribute to 
a practical artificial approximation of such a 
naturally occurring slructure (4, 


are 
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Fig. 3. Showing buckyballs and buckytubes carbon nanomaterials. 


TEM image of. TAS. hecuceslized gold as poredi, 


Fie.4 Nanorods 





B- Dendruners and dendritic copolymers 
(Fig. 5): 


Dendrimers are hyper-branched polymers 
with precise nano-architecture. Which are 
syithestzed m a layer-by laver fashion around 
a core unl, resuling m a high level control of 
size, branching points. “Elonks” on their surfaces 
can be used to attach cell-identification tags, 
fluorescent dyes, enzymes and other molecules. 


C-OQrantum dots: 


Also known as nanocrystals, quantum dots are 
nanosized semiconductors that can emit light in all 
colours of the rambow. They have been applied 
In fiotechnology for ecll labchng and tmazing, 
particularly in cancer imaging studies!“ 





D- Nanoshedls (Fig. 6}: 


Also referred to as core-shells, oanoshells 
are spherical cores of a particular compound 
surrounded by a shell or ovter coating of 
another, which is a few nanometers thick. 
Upon absorbing infrared light, relcase a lethal 


dose of intense heat, 


that 


recognize cancer cells has successfully allowed 


Linking nanoshells to antibodies 


researchers to kill cancer cells without harming 


neighboring non- cancerous tissue. 


The Dendritic Structure 
High! ell de. 
eS. an | 
Core | : 
moaety 
Structure 


Brae irg 
units 


Internal | 
cavitas 


Closely packed 
surface groups 


Fig. 5. Showing dendrimers 


\ 
mee Sitica Nanorattle Spheres 


J, 
1 Drug 
i 


PEG Layer an GSN 





Fig. 6. Showing nanoshells 


E-Liposoines: 


Liposomes are lipid-based liquid crystals, 
formed of concenine bilayered vesicles im which 
an aqueous volume is entirely enclosed by a 
membranous lipid bilayer mainly composed 
of natural or synthetic phospholipids. They 
are used extensively inthe pharmaceutical and 
cosmetic industries hecause of their capacity For 
breaking down inside cells once their delivery 
function has veen mel. 


Liposomes were the first engimeered 
nanoparticles used for drue delivery but 
problems sucn as their propensity to fuse 
lovelher i ayucous environments, nave led 
to replacement, or stabilizatinn using newer 
alternative nanoparticles. 


F- Nanocansules (Fig. 7): 


Are systems in which the drug is confined 
to a cavity surrounded by a unique polymer 
membrane, while nanospheres are matrix 
systems in which the drug is physically and 
uniformly dispersed. 


¢ Different approaches to nano- 
fabrication 


Two different approaches to nanofabrication |” 


-Top -down approach: 


Starting material is reduced in size. 
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- Bottom-up or self-assembly approach: 


Construction of struclure alom-by-alom or 
molecule-by-molecule. 


a Methods of synthesis of 
nanoparticles 


A- physical; 


l- Attrition: macro or micro scale particles are 
ground im a ball mill or other size reducimy 
mechanism. 


2- Pyrolysis: thermochemical decomposition 
of organic material at elevated temperatures 
then condensation on substrate surface. 


e ‘Thermal plasma torch: Delivery of the 
energy necessary to cause decomposition 
and vaporization of the material, 


e Chemical vapour deposition, Hot- 
wire CYD (HWCYD) — abo known 
as catalytic CYD (Cat-CVD) or hot 
filament CVD (HFCYVD), this process 
uscs a hot filament. 


a Laser pyrolysis. 
B- chemical method: 
Sol-Gel: 


The sol-gel process is a wef-chomical 
technique (also known as chemical solution 
depusilion) widely used recently im the Fields 
of materials science and ceramic engineering. 
Starting from a chemical solution (sol), which 
acts as the precursor for an inteyvrated network 
(or gel}, 
continuous solid network phase and dispersed 
liquid phase. 


e Characterizationofnanocparticles 
Characterization of nanoparticles goes hand 
in hand with their design and production. 


Particle size 


Particlc size and size distribution are the 
most important charactenstics of nanoparticle 


the gel; consists of two phases, 
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systems. They determine tne in vivo distribution, 
biological fate toxicity and the targcting ability 
of nanoparticle systems. In addition, they can 
also influcnce the drug loading, drug release and 
stability of nanoparticles. 


Generally nanoparticles have relatively 
higher intracellular uptake compared to 
microparticles and available to a wider range 
of ciological targets due to their small size and 
relative mobility. Smaller particles also have 
greater risk of aggregation of particles curing 
and 


storage transportation of nanoparticle 


dispersion. 


Polymer degradaiion can also be affected oy 
Le particle size. For instance, the rate of PLGA 
polymer degradation was Found to increase with 
Increasing particle size. 


Surface properties of nanoparticles 9 


The surface electrical charges an unequal 
distribution between a particle surface and 
Ihe solvent (f12.7). The charge density at 
any distance from the surface is equal to the 
difference in concentration of positive and 
negative lons. Charze density is greatest near the 
colloid and gradually diminished toward zero as 
the concentration of positive and nezative ions 
equal each other. The surface potential is related 
to the surface charge. As we leave the surface, 
the potential drops off, the potential measured 
at the interface of Stern layer and the diffuse 
layer is defined as zeta potential. Changing 
the electrolyte concentration will destroy the 
electric double layer, which results in particle 
agzlomeration. 


When the potential 1; low, the attraction 
exceeds repulsion and the dispersion will 
agsregate. Repulsive inter-particle forces are 
required to prevent the agglomeration of these 
particles, so nanoparticles witn zeta potential 
above (+/-) 30 mV have been shown to de stable 
In Suspension. 


IN ENDODONTIC 


Highly Negative 
Ce loid 


Stern Layer 


Diffuse Layer 





Fig. 4. Electric charge distribution im nanoparticles 


apflomerate, 


® Function alization 


Defined as surface coating of nanoparticles 
or addition of a chemical functional group 
on their surface in order to achieve surface 
modification that enables their self-organization 
and renders them compalizle. Nanoparticles 
have mainly been functionalized with thiols, 
disulfides, amunes, nitriles, car-boxylic acids, 
phosphines and biomolecules ****)) The main 
epal of functionalizing nanoparticles 1s to cover 
[neir surface with a molecule that possesses 
the appropriate chemical functionality for the 
desired application, in addition to regulate its 
stability, solubility and targcting. 


» Nanotechnology in medical science 


Nanometer-sized particles are in the same 
range of dimension as antibodies, membrane 
receptors, nucleic acids and proteins, among 
other biomolecules. These biomimetic features, 
together with their high surface to volume ratio, 
make nanoparticles powerful tools for imaging, 
diagnosis, and therapy 7°. 


« Therefore, the integration of nanomaterials 
with biclozy has led to the development 
of diagnosti devices, contrast agents, 

analyiival tools, physical Lherapy application 

and drug delivery vehicles. 


La Oe tom 
ee ee 


¢ Moreover, based on enhanced cffectivencss, 
the new age drugs are nanoparticles of 
polymers, metals or ceramics, which can 
combat conditions like cancer and fight 
human pathogens like bacteria. 


+ ‘Thus, applying nanotechnology for diagnosis, 
treatment, monitoring, and control of dEease 


has been referred to as “nanomedicine”. 


APPLICATION IN MEDICAL SCIENCE 


A. Drug Delivery System: 


For the past few decades, there has been a 
considerable research interest in the arza of drug 
delivery usme particulate delivery systems as 
carriers for small and large molecules +. 


Nanoparticles have been used as a 
physical approach to alter and improve 
the poartuacokmele and pharmacodynarmue 
properties of various types of drug molecules. 
Tacy have becn used iv vive to protect the drug 
entity in the systemic circulation, restrict access 
of the drug to the chosen sites and to deliver the 
drug at a controlled and sustained rate to the site 
of action. 


Nanocapsules are systems m which the drug 
is contined to a cavity surrounded by a unique 
polymer membrane, while nanospheres are 
mmalrix systems m which the drug is physically 
and uniformly dispersed. 


In recent ycars, biodegradable polymeric 
nanoparticles, particularly those coated with 
hydrophilic polymer such as poly (ethylene 
glycol (PEG) kuown as long-circulalimg 
particles, have been used as potential drug 
delivery devices necause of their amlhty to 
circulate for a prolonged period time target a 
particular organ, as carriers of DNA in gene 
Lnerapy, amd Lue ability to deliver protzins, 
peptides and genes. 


Though liposames hav2 been used as 
potential carriers with unique advantazes 
including protecting drugs from degradation, 
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targeting to site of action and reduction toxicity 
or side effects, their applications are limited due 
to inherent problems such as low encapsulation 
efficiency, rapid leakage of water-soluble drug 
in the presence of blood components and poor 
storage stability. Qn the other hand, polymeric 
nanoparticles offer some specifice advantages 
over liposomes. For instance, they help to 
Increase the stability of drugsfproteims and 
possess useful controlled release properties. 


Nanobots are robots that carry out a very 
specific function and are just several nanometers 
wide. They can ae used very etfectively for drug 
delivery. They have walls that are just a-10 nm 
trick andthe immer drug-tilled cell is usually 5)- 
li nanometers wide. Wren they detect signs 
of the disease, thm wires in their walls emit 
an electrical pulse, which causes the walls to 
dissolve, and the drug to be released. Tne drug 
targct a precise location which make the drug 
much more effective, reduce the chances of 
possible side effects and the time of drug release 
can be easily controlled 2", 


a ‘Targeted Drug delivery 4720 


A key area in drug delivery is the accurately 
targeting of the drug to cells or tissue of choice. 
Druz targetma systems should se able to control 
the fate of a drug entering the body. 





Nanoparticles may be delivered to specific 
sites by: 


|, Active targeting. 
2. Size dependent passive targeting 
> Active targeting: 


Active targeting involves the use of 
targeting ligands such as antibodies, peptides 
that zind specifically to receptors expressed on 
target site Some examples of targeting ligands 
used in nanoscale drug delivery systems include 
folate, transferrin. 
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By actively targeting nanoscale drug delivery 
systems it is possible to minimize the uptake of 
anticanceragent by normalcells thus minimizing 
the side effects of therapy. 


® Passive targeting: 


Passive largeling is the preferenual aceu- 
mulation of enemolnerapzulie agents im solid 
tumors as a result of the enhanced vascular 
permeability of tumor tissues compared with 
hicalthy tissue. Occurs duc to Icaky vasculature 
of solid tumors. 


This process is also called Enhanced 


Permeation and Retention effect (EPR), 


B, Disease Diagnosis and Prevention: 


Special sensor nanocots can be inserted into 
the lood under the skin where they check blood 
contents and wam of any possible diseases. 


Nanobots can also be used to prevent heart 
attacks by removing fat deposits blocking the 


blood vessels “7, 
C. Tissue Reconsiruction: 


Nanoparticles can be designed with a 
structure very similar to the bone structure. 
An ultrasound is performed on existing bone 
structures and then bonc-like nanoparticles arc 
created using the results of the ultrasound Y". 
The bone-like nanoparticles are iserted into the 
body in a pasle forn ©), When they arrive at 
the fractured bone, they assemble themselyes to 
form an ordered structure, which later becomes 
part of the bone. 


Another key application for nanoparticles is 
the treatment of injured nerves. Samuel Stupp 
dnd John Kessler at Nurltwestern University 
in Chicago have made tiny rod like nano-fibers 
called amphiphiles. They arc capped witn amino 
acids and are known to improve the growtn of 


neurons and prevent sear tissue formation. 
Experiments have shown that ratand mice with 
spinal injuries recovered when treated with (nese 
nano-fibzrs H, 


D- linproved Imaging of Tumors 


Quantum dots nanomaterials glow very 
brightly when illuminated oy ultraviolet light. 
They can be coated with a material that makes 
the dots altach specifically wo the molecule tey 
Want to track. Quantum dots bind themselves to 
proteins unique to cancer cells, literally brina meg 
tumors to light"? 


« Nanotechnology and nanobiomater}- 
als in dentistry: 


New potential treatment opportunitics in 
dentistry may include different approaches «**”: 


a. Building up particles by combining atomic 
elements: ie bottom-up approach. This is 
applied in local anesthetics, hypersensitivity 
cure, dentifrices, orthodontie treatment, 

photosensitizer and carriers in addition to 


diagnosis and treatment of oral cancer. 


b. Construction of structure atom->y-atom 


or molecule-by-molecule.. ie top-down 
approach, 
Examples include nanocomposites, 1m- 


pression miudlerials, nanosolulions, nanon- 
eedles, nanotweezers, and Done replacement 
materials 


c. In addition to bottom up and top down 


approaches, there is the functional 


approach. 


This approach disregards tne metnod of 
production of a nanoparticle; and the objective 
is to produce a nanoparticle with a specific 


Functionality 4*4, 


TECHNICAL & C IKICAL ENDO LONTICS 


1- Nanotechnology in periudontics °* 


A) Maintenance of oral hygiene: 


- WNanorobotic dentifrice delivered hy 
mouthwash or toothpaste could patrol all 
the supragiagival and subgingival surtaces 
metabolizing trapped organic matter into 
harmless and odorless vapors and performing 


continuous caleulus debridemert** (Fia. 8). 


- Aka Naroxyd Toothpaste coataniug 


svithesized hydroxyapatite, calcium 
peroxide, enzymes such as {papain ard 
bromelain), fluoride combination, Co- 


enzyme Q10 and Vitamin E proven useful 
to freshen breathe as well as whiten teeth. 
The risks of nanotechnology toothpaste: 
Nanotechnolozy toothpaste has been 
shown to be narmful because some of the 
nanotechnology toothpastes are made with 
silver hydroxyapatite 7: 


1. If this accumulates in the tissues of 
people who use this toothpaste, it could 
cause potential nealth effects. 


2. Risk of nanoparticles flowing through 
the aody if the toothpaste is actually 


swallowed. 

3. Some people feel that this is not friendly 
for the environmect. 

A They can even slip through the 


olfactory cerve into the brain, evading 
the protective blood brain barrier. 

- Moreover, toothpastes containing nanosized 
calcium carbonate enabled remireralization of 
early eramel lesions as a prophylactic measure 
to prevent dental caries °, 


R) Drug delivery: 


Nacoparticles impregnated with antimi- 
crobial agents were produced in order to 








F:2.8. Nanoroctic dentifrice 


maitala therapeutic concentration of the agent 
in ‘he pertodontal pocket for a sufficient length 
of time to ensure eradication of the bacteria 
present [8 Drug delivery systems based on 
triclosan-ircorporated nanoparticles have been 
developed. Tetracycline based microspheres arc 
also boing cvaluated for placement in periodon- 
tal pockets". 


2- Nanotechnology in orthodontic treatment 


Orthedontic nanorobots 


manipulate the periodontal tissues allowirg 


could = directly 


rapid and painless tooth straigitening, rotaticg 
and vertical repositioning within minutes to 
hours '). Sliding a tooth along an arch wire 
involves a frictioral type of force that resists 
this movement. Use of excessive orthodontic 
force might cause loss of anchorage and root 
resorption, but coating orthodontic wire with 
like 
nanoparticles, reduction in friction has been 


inorganic fullerene tungsten disulfide 


reported °”, 


3- Nanotechnology for cavity preparation 
and restoration: 


a Warorobots are precise ard restricted to 
the demineralized cnamel and dentin thus 
providing maximum conservation of the 
tooth structure, 
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* WNon-agglomerated discrete nanoparticles 
are homogeneously distributed in resins or 
coatings to produce nanocomposites. Alu- 
minosilicate nanofiller was used to produce 
nanocomposites with superior hardness, 
flexural strength, modulus of elasticity, de- 
creased polymerization shrinkage and also 
have excellent handling properties 3°. 


» Arecent study by Xu et al. has evaluated the 
incorporation of nanosized CaPO4 particles 
into resin based composites, described 
as “Smal” because they release calcium 
and phosphate tons at a cariogenic pE (8) 
and rominecrahzc tonth lesions resulting in 
improvement in stress bearing capacity 47%, 


» Nanotechnology in dental adhesive, the 
am of Mller addition to denin adhesives 
are to increase the mechanical properties and 
clastic modulus of adhesive layer, to improve 
the distribution of the stresses induced dy 
resin composite polymerization shrinkage 
and occlusal loading, and conseyuemly to 
increase the dentin bonding strength. 


¢ Glass ianomerrestaration, nanotechnology 
makes a better, more esthetic glass 1onomer. 
As nanofillers and nanoclusters add benefits 
nol usually associated with glass 1onerme4rs, 
it has resulted in a new category of glass 
lonomer restorative termed “the nano- 
OROMET”. 


¢ Nanobiumaterials and endodontics 


Almost every aspect in endodontics has 
zained advantage of [tne newly cmerging 
nanotecnnology: 


I- Radiography 


Oretial dental imaging: 


Advances in digital imaging techniques 
arc also expected with nanotechnology. In 
digital radiographies obtained by nanophosphor 
scintillators, Loe radialion dose is diminished and 
nigh quality mages are obtained ?”’, 


IN ENDODONTIC 


2- local anesthesia: 


To induce oral anesthesia, professionals will 
install a colloidal suspension containing millions 
of active analgesic dental nanorozot particles on 
the patients gingiva. Moving nanocrobots reach 
dentin by migrating into the gingival sulcus 
and passing painlessly through the lamina. 
On reaciing lhe dentin, (he nanorobots enler 
dentinal tubule and proceed towards the pulp, all 
under the control of the onboard nanocomputcr, 
as directed by the dentist. Nanorobots complete 
(ne journey into ihe pulp chamber in 100 sec. 
The analgesic dental nanorosots commanded 
by the dentist to shut down all sensitivity in 
tne tooth that requires treatment. After the oral 
procedure is completed, tne dentist orders the 
nanorobots to restore all sensation, to retract 
from the tooth via same path. This analgesic 
tecnnigues is patient friendly, as if reduces 
anxiety, needle phodia, and most importantly, 13 
a quick and completely reversible action #4, 


3- Dentin hypersensitivity: 


Dentin hypersensitivity is defined as a sharp 
pain arising from exposed dentin as a result of 
various stimuli such as heat, cold, chemical or 
osmotic changes. It may De caused by changes 
in pressure (ransimilled hydrodynamuueally lo the 


pulp. 


Dental nanorohots could selectively and 
precisely occlude selected tubules in minutes, 
using native biolozical matenals, offering 
paliemls a quick and permanent cure ©, 
Novamin containing dentrifice (calcium sodium 
phospho silicatc) 18 a bioactive glass in the 
class of hizhly biocompatizle material that 
was originally developed as bone regenerated 
tialerial, il has the ability lo sigmficantly reduce 
dentin sensitivity within one week compared to 
placebo dentnfices "”. 


Onc of the methods of closing sub micron 
sized dentinal tubules involved highly 
concentrated gold nanoparticles that were 
crushed into exposed open ends of tubules 47, 
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d- Canal cleanliness: 


Saghiri ct al 20l2 found that a 
nanostructured foam can remove debris from 
endodontie files, especially from those with 
colplex morphology; where lhe nanoslruclured 
foam was more efficient in removing debris 
from Rale and K4 than ProFile file cleaner, 


5. Root canal disinfection: nanoparticle- 
based disinfection: Nanoparticles exhibit 
antibacterial activity as a result of their 
polycationic/ polyanionic nature with the 
higher surface area and charge density. 
The size of nanoparhcles plays an important 
role in their antizacterial activity; smaller 
particles show higher antibacterial activity 
than tne macro-scaled ones. Direct or close 
conlaci belween the nanuparlicles and 
the bactenal membrane were essential For 
effective destruction of bacteria <4). 


Antimieronhial mechanisms of nanoma- 
terials include: 


L. Photocalalyue production ofreaclive oxygen 
species (ROS) that damage cellular and viral 
components. 


Eve! 


Compromising the bacterial cell wall 


membrane. 
3, Interruption of energy transduction. 


4. Inhibition of enzyme activity and DNA 
synthesis. 


Different types of nanomaterials like cop- 
per, zinc, Gfanium, magnesium, gold and 
silver had come up and were investigated 
for their antimicrobial potential against 
endodontic pathogens: 


A. Silver nanoparticles (AgNPs): 
The antimicrozial propertics of AgNPs have 


been generally exploited in nanofiber materials, 
bandages, wound dressings, ointments, surgical 
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Instruments and bone prostheses that are all 
coated or emnedded with AgWPsi9477, 


Mecharnisut of action: 


AgNPs work ina number of ways to disrupt 
critical functions in a microorganism: 


© Nanoparticles lis (aS: ell 
membrane and also penetrate mside the 
bacteria to inactivate entical physiological 
functions such as cell wall synthesis, 
membrane transport, phosphorus containing 


compounds, e.g; DN 8), 


wel allavhed 


© The positively charged AYNPs inieract 
strongly with the cell membrane modit ying 


Its permeability 4? 9") 


* Morcover, the AgNI’s interact with multiple 
targets in the microbialcell, suchas enzymes 
and plasmids, providing the bacterla with 
lae least capacity lo gain resistance ©", 


« In fact, AgNPs with size in tne range of 
10-100 nm showed powerful bactericidal 
potential against both gram +ve and gram 
ve bacteria. 


a [nan aqueous microenvironment, the silver 
nano-particles continuously release silver 
bons +, 


Wao et al, showed that E. faecalis biofilm 
treated with 0.24% AgNP as an 
medicament for? days was more disrupted than 
when treated with 0.1% AgNP irrigation solution 
for 7 days °°. Moreover, a mixture of Ca(OH)2 
and AuNPs had a potential advantage for use 
as intracanal medicament for eliminating E, 


Intracanal 


facealis from root canals at | and 7days N. 


‘The surface charge on AgNPs was important 
in bactericidal efficacy against E. faecalis. 
When NPs with positive, negative, or neutral 
surface charges were compared; the positively 
charged  AuUNPs elfeclive  Agalnsl 
E. faecalis and exhibited a high level of 
cytncom patibility © AgNP dispersion was 
found to be biocompatible, especially in lower 
concentrations 5, 
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Lotfi et al revealed that AgNPs in a 
remarkably lower concentration would possess 
the same reducing cffcet on E. faccalis as 3.25% 
NaQcl 


B- Chitosan: 


Chitosan 1s a derivative of chitin, one of the 
most abundant natural polymers in tie biosphere. 
Chitin 1s tne main component of the exoskeleton 
of marine crustaceans (e.g shrimps.crats, etc..i. 


Chitosan can be obtained by de-acetylation 
of chitin; it is a polysaccharide that possesses 
many useful properties. It is currently 
receiving a great deal of interest for medical, 
pharmaceutical, and agricultural applicationsS* , 
due to is biodegradanility, biocompatibility, 
nontoxicity, and antiviral propertics. These 
biopolymers can be easily processed into gels, 
sponges. membranes, scaffolds for tissue 
engineerinz, wound dressing, drug delivery and 
cancer diagnosis. 


Although, (ie antibacterial effect of chitosan 
is not aifected by the presence of dentin. dentin 
matrix. or lipopolysaccharide ‘*, its use is 
limited because of is imsvlugility in waler, 
high viscosity, and tendency to coazulate with 
proteins at high pH ***'. 


Chitosan shows its antibacterial activity 
only in an acidic medium because of its poor 
solubility above pH 6.5 5%. Yeasts and moulds 
are the most sensitive group, followed by zram- 
positive bacteria and finally gram-negalive 
baclena, 


Shrestha et al, imvestigated the efficacy 
of collapsimy cavitation bubbles 1o deliver 
ihe 
into dentinal tuzules to improve root canal 
disinfection. The collapsing cavitation bubbles 
treatment using high-intensity focused 
ultrasound resulted in significant penetration 
up to LOOO wm of tae antibacterial chitosan 


antibacterial chitosan nanvparliculates 


nanoparliculales into the dentinal tubules ©, 


Mechanisii of action: 


l. Binding to the negatively charged zactcrial 
surface causing agglutination, increasing the 
permeability of the microbial wall, which 
cyentually indocecs a leakage of in‘raccllolar 
components. 


i 


According to another proposed mechanism, 
chitosan chelates trace metal and thereby 
Inhimits enzyme activities and the microbial 
zrowth. 


3. It was also proposed that chitosan penetrates 
to tne nucleus of fungi and inhisits RNA and 
protem synthescs . 


4. The lower molecular weight chitosans have 
greater antimicroDial activity than native chi- 
‘osans. Higily de-acetylated chitosans are 
more antimicrobial than those with a higner 
proportion of acetylated amino groups. 


5. The temperature has an effect; hivher 
temperature (47°C) has been shown to 
enhance antimicrobial activity compared to 
refrigeration temperatures. 


6. Positively charged chitosan nanoparticulates 
in an aqueous suspension are allowed to 
scttle onto a substrate surfacc and adhere to 
negatively charged dentin surface '**), 


C- Zine oxide NPs (Z2nONPs): 


Kishen ct al, investigated the annbactcrial 
and antibiofilm efficacy of cationicnanopar' icles 
(zing oxide nanoparlieles and chiosan 
nanoparticles) for root canal disinfection. The 
incorporation of nanoparticles did not alter the 
flow characteristics of the sealer but improved 
the direct antibacterial property and ability to 
leach out of the antibacterial component with 
significant reduction in adherence of E.faecalis 
to treated dentin®*!, 


Mechanism of action: 


The antibacterial activity of the polycationic 
ZNONPs were attriputed to the electrostatic 


attraction with the negatively charged 
bacterial cell, which maghi lead to the altered 
ecll wall permeability, resulting m leakage 
of the proteinaceous and other intracellular 
components and death of tne cell", 


D. Photodynamic therapy (PD I)/photo- 
sensitizers: 


The recent advances toward achieving 
predictable endodontic disinfection ‘ave 
focused on newer allernalives such as PDT. 


PDT is based on the injection, maestion, 
or topical application of protosensitizer dyes 
followed by visible light activation ©? 7-5 | 


e There are two types of PDT mechanism “9 


Type I: It involves the production of free 
radical, which react with oxygen, resulting in 
production of mghly reaelive oxygen species 


(ROS). 


Type I: [t involves the production of aigaly 
reactive oxyaen known as singlet oxygen. 


Mechantsin of action: 


e PDT uses a specifie wavelength of light to 
dtlivdle a mon-loxir dye fpholosensilizer), 
leading to the formation of ROS and singlet 
oxygen. 


e These ROS or singlet oxygen molecules are 
highly reactive, and damage bacterial cell 
wall, membrane lipids and proteins, and 
nuclete acids, whien promole bacterial vell 
death Aa. 


0 Advantage: broad-spectrum antibacterial 
activity. 


0 Disadvantage: Vie reduction in tie 
uptake of the pnotcsensitizers mto the 
bacterial cells and the multidrug resistance 
pumps in bacteria which decrease the 
elfeciiveness of lne pholosenusilizer could 
be. of the clinical Factors in compromising 
the antibacterial effect of PIY I 769, 
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e Moreover, the antibacterial activity of 
PDT was compromised in the presence 
of root canal constiluenis such as pulpal 
tissuc, serum, dentin matrix, and bacteria] 
remnants©”, 


+ Photosensitizers ™: 


Phenothiazines and xanthenes are 2 classes 


of photusensilivzers commonly tested for 


antibacterial efficacy ©. 


l. Rose Bengal (RB) is an anionic xanthene 
aya", 


« Advantages: Water soluble, nontoxic, 
and it adsorbs light in the visible spectral 
region *™. 


* Disadvantage: Tis applicalion is sironzly 
limited by the fact tnatit tends to aggregate 
In agucous solutions. 


2. Methylene blut (MB) is a well-established 
photosensitizer that falls under the category 
of catione phenothiazines “ and has been 
used in PDT for targeting various gram 
positive and gram-negative oral bacteria. 


* ME posscsscs a greater antibacterial ctteet 
than RB because of its hydrophilicity, low 
molecular weight, and cationicity °° 


s Disadvantage: The reduced susceptibility 
of biofilis to PDT was aliribuled to re- 
duced penetration of the pnotosensitizer. 


* Wunctionalization/Conjugation: 


Coating or surface attachment of photosen- 
Sitizers to nanoparticles significantly improved 
antibacterial properties ©, 


Funclionalize nanoparticles with pholosen- 
sitizers offer unique physicochemical advan- 
tages such as allowing higher enneentration 
of protosensitizer uptake per cell, reduce tne 
efflux of photosensitizer from tarzet cell, permit 
areater Interaction with cells because of the šur- 
Cace charge, provide yrealer slabilily to photo- 
sensitizer molecules after conjuzation and allow 


control release of reactive oxygen species‘, 
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® (Chitosan offered an attractive material for 
conjugation with other reactive molecules. 
This was attributed to the membrane 
destabilizing? permeabilizing effect that 
could subsequently enhance tne effect of 
singlet oxygen on bacterial cells ‘*!. In 
fact, the antibacterial effect of PDT was 
sigmificanily uuproved when chiosan 
was conjugated with rose bengal, even in 
presence of tissue inhibitors (dentin, dentin 
matrix, lypopolysaccharides) ©’, 


© The effect of poly (Jacuic- co-glyeulie acid) 
(PLGA) nanoparticles loaded with MB 
and light against E. faccalis was observed 
by transmission electric microscope and 
revealed substantial accumulation of 
nanoparticles on bacterial cell walls of 
microorganisms with reduction of colony- 
forming units (CEUs) in planktonic phase 
and root canals wall, respectively”, 


E. Nanoparticles of gold and silver: 
(NANOCARE PLUS) 


NanoCare Plos is based on silver and gold 
nano particles, low surface tension of the 
nanoparticles allows them to get to the smallest 
fissures and dental ducts of the system, 1t has 
strong bacteriostatic effect, eliminate E. Faecalis 
“A and prevent the re-colonization of canal 
system by bacteria and fungi by Icaving a 
layer of long lasting nanoparticles on the canals 
surface so It can be used as final rinsing at the 
root canal treatment. 


Nanoparticles of gold and silver does not 
undergo corrosion process due to their minimum 
concentration in the liquid that allows, also, 
the avoidance of any problems during the final 
root canal Milling followed by touvih restoration. 


6. Vital pulp therapy: 


Vital pulptherapy Is aiming at treating injuries 
by pulp capping to seal the pulp. stimulating the 
formation of terliary dentin, and maintamy pulp 
vitality. 
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* Compared to regular bioactive glass (BG), 
the nano-sized BG can induce differentiation 
and mineralization of numan dental pulp 
cells fa vitro ©", 


® Testinz nanocrystalline hydroxyapatite (HA) 
paste as pulpotomy and pulp capping agent, 
i was found biveumpativle and superior iv 
formocresol®”. It was also recommended as 
substitute for MTA and Dycal in dircet pulp 
capping ‘"?. 


7. Regenerative Endodontics: 


Tissue repair or regeneration is a complex 
cascade of multistep events that Involves stem 
cells, scaffolds, and growth factors. 


l- Nanoscale three-dimensional scatfolds 
for Lissue engineering 


Collaven-based nanocomposite Inevrporaung 
nanobioactive glass (Col/nBG) was developed 
as a scattolding matrix For dentin—pulp regenera- 
lion. H induced growth and differenuation of hu- 
man dental pulp cells (hDPCs) more effectively 
than Col alone, providing a promising scaffold 
condition for regeneration of dentin-—pulp com- 


plex tissue" 


i-Delivery system: Controlled Release of 
Specific Growth Factors 


A well-controlled release system of specific 
srowth factors is a pivotal strategy in dentin- 
pulp engineering. The different delivery syslems 
share the same goal, which is the release of bio 


active molecules ina time-controlled manner. 


Numerous studies focused on creating ap- 
propriate delivery systems such as NPs, micro 
spheres, hydrogels, and scaffolds for tissue re- 


generation. H% 
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A-Temporal-conirotled Release of Bovine Serum 
Albumin (BSA) from Chitosan Nanoparticles 


The idea was the release of bioactive mol- 
ecules in atime-controlled manner. lhe inercasc 
in efficacy, bioavailability and cell/tissue target- 
ing of such molecules and protecting them from 
early loss of their biological activity. 


** Approaches used for incorporation of active 
molecules in naneparticles: 


l. The encapsulation technique involves em- 
bedding and entrapping of bioactive mol- 
ecules in nanoparticles matrix. 


2. In the adsorption technique, the bioactive 
molecules are solely adsorbed to the surface 
ol nanoparticles thus, (he interaction is weak, 


Antinutic-contaitiag Nano fibrous scaffolds 
for regenerative endodontics 


Bottino et al ' described a new antibiotic 
containing Nano/fmiero fibrous scaffolds to pro- 
vide drug delivery system to disinfect necrotic 
immature pennanent teeth through controlled 
release of low antibiotics dose waich provide 
a bacteria-free environment conducive to tissuc 
regeneration, minimizing the adverse effects of 
the antibiotic paste. 


Fioretti et al, reported the first use of nano- 
structured muliilayered Olius conlaining o- MSH 
(melanocortin peptides) I as anew active bioma- 
terial for endodontic regeneration. They reported 
that o-MSH possess anti-inflammatory proper- 
ties; inhibit tne production and activity of pro 
indammatory mediators such as IL- 1, TNF-a, 
IL-6, IL-13, also, induce the production of the 
anll- wilammoalory cylokine, such as IL-10 and 
promote the proliferation of pulpal fibroblasts’, 


Although toota enamel, cementum, and bone 
are composed of organized asscmblics of carbon- 
ated apatite crystals, enamel is unusual in tnat it 
does not contain collazen and does not remodel, 
Self-assembly of amelogenin protein inte nano- 
sprleres has been recognized as a key factor in 
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controlling tne oricnted and clongated growth of 
carbonated apatite crystals during dental enamel 
biomineralization “', 


8. Endodontic filling materials: 


« Nano Ag-gutta percha has been developed 
lo wuprove the antibacterial eect of gulla 
percha “° and several studies showed 
similar eytotoxity to normal gutta percha”: 


« The incorporation of nanoparticles decreased 
the viscosity of endodontic sealers, leading 
to ennanced flow, 


e Javidi et al, reported that synthesized ZnO) 
nano-powder scalcrs was suitable for usc as 
a nano- sealer in root canal therapy to prevent 
leakage "^, 


© (Sni) nanoparticles mixcd to vine oxide 
eugenol (ZnOE) sealer displayed the ability 
to leach out antitacterial components and 
reach decp into the dentinal tubules ©", 
Furthermore, incorporating CSNPs into the 
AMOL sealer inhibited biofilm formation 
within the sealer/dentin interface 7’ 


"= Incorporation of insoludle antibacterial 
quatemary polyethyleninune NPs into 
AH Plus and GuttaFlow led to significant 
and slazle anlimucrobial properties of buth 
sealers "*, 


* Kecently the School of Dental Sciences, 
University Sains Malaysia, as prepared 
a new experimental endodontic sealer 
(Nanoseal). This sealer is similar to various 
epoxy resin-oased sealers, but with a HA 
nanofiller. Reactive nano particles can slow 
down the growth of bacteria and this in 
iun aceelerales the process of recovery 
of infected testh. The size of tne active 
nano particles can enter the accessory 
canals lo ensure lhal all lae spaces have 
heen scaled effectively. Kerider the nano 
size, (ne similarity between the structure 
of the material with thal of the tegh also 
increases the biocompatibility between the 
material and the teeth, thereby increasing its 
adhesive slrengl 4", 
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9. Endodontic surgery: 


a) Root end filling materials: 


Chogle et al found that the addition of 
nanoparticles to monomer matrix of root 
end filling materials reduced apical leakage 
significantly ‘$, 


The eyloluaicily of a polymer nanovonipus- 
ite resin was not significantly different from 
that of ProRoct MTA and Geristore '*", 


Akbari et al found that the addition cf 
nanosilica lo MTA accelerated the hydrauon 
process, reduced the setting time, and had 
no adverse effect on the compressive and 
flexural strength of MTA®® | 


White MTA, bioaggregate, and nano wiite 
MTA showed high solubility in acidie pH. 
However, nano white MTA cement was 
capable of producing lower porosity in set 
materials, better hydration and strength even 
in acidic cnvironment *" 


Samici et al found that the addition of 
AuNPs to MTA iuproved ils anlimierozial 
efficeney ©”. 


b) Bone replacement materiats: 


Nancsized HA is the main component to 
mineral bone in the form of nanometer 
sized needle-hke crystals of approximately 
5-20nm width by 60nm length. 


Utilizing nanotechnology, Ca and phosphate 
are manmpulated al ihe molecular level 
and assembled to produce a strong and 
osteoconductive material with unique 
structural and functional properties °*?, 


Nanosized nvdroxyapalite (HA) is the main 
component of mineral bone. Synthetic HA 
possesses cxceeptional biocompatibility 
and bioactivity properties with respect 
to bone cells and tissues, hence, it has 
heen widely used clinically in the form 
of powders, granules, dense and porous 
blocks and various composites, Nanopnase 


16. 


HIA properties such as surface grain size, 
pore size, wettability, ete, could control 
protein interactions modulating subsequent 
ennaneced osteoblastadhesion and long-lerm 
functionality. However, since nancphase 
materials can mimic the dimensions of 
constituent componenis of nalural issues, 
several reports on nancophase materials 
encourage its use for tissue engineering 
applications "47, 


Temporization: 


Ouatemary ammonium polyethyleneimine 
(OPED) nanoparticles are long-lasting, 
stable, binenmpatible, nonvolatile 
antibactcrial polymers. 


and 


Incorporation of QPEI NPs into standard 
temporary restorative materials improved 
significantly their sealing ability and 
antibacterial properties #®. 


L1. Dentin stabilization 


PDT may enhance cross-linking of collagen 
ficrils in the dentin matrix and thereby 
improve dentin stability =. 


[.ikewisc, chitosan may inercasc the rosis- 
tance of collagen to enzymatic degrada 
‘ion; and chitosan composites with collagen 
could reinforce the collagen constructs. 


Chitosan nanoparticles (CSNPs) and PDT 
Ih wit Lhe acuivily of bacterial vollavenases. 
Thus, POT and binding to CSNPs inhibit 
hacterial-mediated collagennlytic activity 
and cnhanee the mechanical propcrtics of 
collagen matrix!’®. The Photo-activation of 
sioactive polymeric chitosan nanoparticles 
functionalized with rose-bengal, resulted 
In crosslinking of dentm-collagen and 
Incorporation of CS nanoparticles within 
the collagen arenitecture. Which improved 
mechanical propertics, reinforced tac 
collagen structure by increasing the number 
of amine reaction sites, resulting in the 
formation of ionic complexes between CS 


and collagen during crosslinking’, 


TCAA kE CEIM TCA se Reda Ne BE TIE S 


the same properties that make 
nanoparticles so unique - that 1s, primarily, 
their small sinc, large surface arca, chemical 
composition, solubility, and geometry 
could also be responsible for their potential 
hazard to human health. 


** However, 


* Problems with using Nanotechnology: 


A- Environmental problems ? 


The greatest risk to the environment lies 
In ihe rapid expansion and development of 
nanoparticles csing large-scale production". 
Nanoparticles have atendencyto formagegregates 
that are very water soluble and bactericidal 
and that can be catastrophic as bacteria are the 
foundation of the ecosystem. Scientists also 
fear that nanoparvicles may damage the ozone 
layer, 


B- Health problem: 


The risk of nancparticles to the health of 
human beings is of far greater concem. James 
Baker, director of the Center for Biologic 
Nanotechnology at the University of Michigan, 
says “Any time you put a material into 
someting as complex as a numan being, 1t nas 
multiple effects”, Nanoparticles are likely 
to make contact with the body via the lungs, 
intestines and skin. 


i, Risk fo lungs: Nanoparticles are very light 
and can easily become airbome. Taney can 
easily he inhaled during the mancfacturing 
process where dust clouds arc a commen 
occurrence. Particles passing into the walls 
of air passage can worsen existing air 
disease such as asthma and bronehilis and 
can be fatal ™). 


2. Effects on brain: Some nanoparticles that 
are Inhaled through the nose can move 
upward into the base of the brain. This may 
damage the brain and the neryous system 
and could be fatal? 
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3. Problems in blood: Nanoparticles flowing 
throuch the bloodstream may affect the 
clotting system, which may result in a heart 
attack. If thess nanoparticles travel to organs 
like the heart or the liver, they may affect 
the functionality of these organs ". 


C, Feasibility Problems 
i- Expense: 


Conducting research on nanotechnology 
is very expensive. An article in the Nanotech 
Report 2004 claimed chat global investment 
on nanotechnology has reached: $8.6 billion; 
total investment. At present the tools for 
developing nanotechnology are very basic and 
we still need more investment to reap the 
benefits of this great technology. 


2, Lack of knowledge and research: 


Moncy1s not tic only problem. There 1s a lack 
of qualified individuals who can research and 
develon the technology. Many of the methods 
and tools needed to characterize nanomaterials 
are still in a very early stage of development. 
A nation wide survey from North Carolina 


of Americans 
(28) 


University found that around 80% 
knew nothma about nanotec nology 


D. Ethical dilemma: 


‘The most important Feature of nanotechnol- 
pay is that it gives us control over individual 
molecules. Every patho-physiological process 
has a molecular origin, and it is from this basic 
fact tual the [tremendous pulenual of nanolech- 
nology to medicine arses]? Seienlisls believe 
thal nanolechnlogy could give man a beler 
quality of life, power to prevent diseases, speed 
up tissue reconstruction and alter his genetic 
sequence. Unfortunately these promises are 
coupled with ethical implications, which must 
be considered, if not resolved before the field of 
nanotechnology reaches its fullest potential. 
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The question arises, Who is ia control? 
Nanotechnology introduces ‘hings that are not 
nalural or foreseen, such as genelically modified 
organisms Af this pomm there is no established 
system to regulate nanotechnology and there 1s 
no specifie entity to control it. With the ability 
to identify and manipulate specific genetic 
sequences, people will seek the effects of good 
genes. People are already using this iechnology 


‘o modify their unborn children to have the 
right hair or eye color. fr doting tits people risk 
losing iheir individuality. 


No donbt the benefits of this technology 
are innumerable hut before taking any step we 
should think about tre implications and the to- 
cus should be on developing a sale nanolechool- 
ogy industry, 





CHAPTER REVIEW QUESTION 5 


‘ Defne nanotech iolayy 


* Cite he properties of nanoparticles. 


* List the possible applications of nanotechnology in andogontics, 


¢ Correlate the special properties of nanoparcices to their applications in snnodontics. 


e How did functionalizationimprove the antimicrobial action of pholadynamic therapy? 
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EVIDENCE-BASED DENTISTRY 
CONCEPT 


ndodontic therapy is mainly 

concemed about the diagnosis and 

trediment of pulpal and periapical 

diseases and in‘unes. As in any 
other medicalfdental specialty, endodontic 
therapy, thus, entails taking several clinical 
decisions. 


An emerging approach regarding clinical 
decision making is evidence-based medicine/ 
dentistry discipline. Evidence-based medicine 
is “the conscientious, explicit, and judicious use 
of current best evidence in making decisions 
about the care of individual paticnts.” as coined 
by David L. Sackett et al. in 1996. In other 
words, evidence-based practice seeks integration 
of the best, current scientife research with 
clinical sexperience together with the patient's 
needs, values and preferences (Pizure 1). Best, 
available scicntihe cvidenec originates from 
clinical research concerned with diagnostic tests, 
efficacy and safety of clinical interventions and 
prognosuic Cavicrs of clinical outcomes. 


According to Sackett ct al., neither individual 
clinical expertise nor best available evidence 
works alone. It is important to recognize 
that there are different forms of skills a good 





Dentist's 
Expertise 


Fatient 
Needs È 
Preferences 


Scientific 
Evidence 


Fip. 1. Evidence-based dentistry concept. 





clinician must develop. One example is the 
technical skill a clinician must gain in order 
lo render proper iresimenls. Performing an 
adeguate access cavity and identifying and 
instrumenting thin and severely-curved canals 
arc just a few cxamples of the skills a clinician 
must develop that only partially can be gained 
from research or “reading.” Therefore, attending 
practically-focused worksnops, watching other 
dentisls al work, performing ine procedures 
oneself (on models and patients), and reflecting 
on what has been eaimed from the failed cases 
are consistently important for the development 
of a skillfol clinician. The clinical situation also 
demands that the dentist exercises good clinical 
judgement. It can, therefore, be concluded that in 
dentistry, including endodonties, proper clinical 
care is not only based on clinical research but 
also on the practical skills of a crafisman, where 
clinical and moral ‘udgerments are integral 
components. 


Only the patient is the expert on how he or she 
feels about maintaining a tooth with or without 
SVITDLOITS are 
tolerable, which nsks are worth taking, and what 


endodontic ireaungnl, which 
costs are acceptable. Procedures for obtaining 
informed consent play a key role in safeguarding 
the paticnt’s right to autonomous decision- 


making. 


Acconling tothe American Associauon of Endo- 
dontists (AAE), evidence-based endodonties 11- 
tegrates the best research with clinician expertise 
and patient values. 


CLINICAL STUDY DESIGNS 


Obtaining the best availadle scientific evidence 
is facilitated by being acquainted with the hier- 
archy of evidence (Figure 2). 


Clinical studies are mainly classified into experi 
menal and observational studies. Experimental 
clinical studies mainly include clinical trials 
(randuimized or nomwrandomized), Observavional 
clinical studies mainly melude cohort studies, 
case-control stadies and ernss-sectional studies. 


TEENUNICAL RODE PA OA OW De ORT Tce 


Cohort Studies 


Case-Control Studia 


Case Series, Case Resorts 


j = a 
Sdionals, caper Uomian 





Fiz, 2. Hierarchy of evidence. 


CASE REPORTS AND CASE SERIES 


These two types of deseriplive observational 
studics that document unusual occurrences of 
bulvomes voustilule the most common types of 
articles in medical journals. 


A simple method of clinical research is the de- 
scription of clinical cases, which may show 
unique or unusual features of a disease or out- 
come of therapy. It is the only means by which 
specific or, even, unexpected clmical events can 
ne described. The limitation of such case presen- 
tations is, however, that evidence on efficacy, out- 
come rate and prognosis cannot be transmitted. 


Clase series are an extension of case reports, in 
that they are a description of a small number of 
individuals that have a similar experience with 
regards to a particular outcome and disease, 
rather than a documentation of just a sinale case. 
as seen in case reports. Series of cases are more 
common and may provide better imfonnaticn. 
Larger groups of patients with a particular 
disease or condition subject to treatment. are 
studied. The efficacy of the tested clinical 
procedure, however, cannot be proven better or 
equal to any other method due to the lack of a 
control group. In essence, case series represent 
more tentative than conclusive observations. 
Hence, case sludics and case series ure nesl 
utihzed to develop hypotheses rather than tor 
[esting hypotheses. 
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CROSS-SECTIONAL STUDY 


Cross-sectional are observational studies that 
assess the relationship of a particular disease 
with an exposure at the same time. In addition 
to being quick and inexpensive, these studies 
give rise lo potential relauunships between the 
exposure and outcome, Dut no causal inference 
vould be made because researchers cannot be 
fully assured that the exposure resulted in the 
buleome, or was a consequence of the ouleome. 
Therefore, these studies arc usually used before 
olber analylical, observalional or experimental 
studics when httle knowledge is available abnut 
[he association of the particular outcome with 
the exposure under investigation. 


CASE-CONTROL STUDY 


Case-control studies, also, belong to the arsenal of 
methods for chnical research in endodontics, how- 
ever, (here are very few of therm in the endodon- 
tic literature. It 1s a type of observational studies 
wherein cases with a particular outcome and con- 
trols that do not have the same outcome are first 
selected, and exposure assessment (Contributing or 
causauve factors) is done retrospectively. 


Case-control studies are less costly compared to 
prospective cohort studics They arc fairly casy to 
conduct, relatively inexpensive, require shorter 
times For data collection and are appropriatc in 
studying rare diseases. A significant drawback 
is the difficulty in obtaining critical information 
about the exposure status over time. [t 1s, also, 
difficult to find a good control group in these 
studies and selection bias is, therefore, always a 
concern. Recall alas is another common proclem. 
All of this causes the case-control study to be 
placed fairly low in the hierarchy of evidence for 
clinical research (Figure 2). 


COHORT STUDY 


Cohort refers to a group of patients and a cohort 
study is an observational study that follows 
an exposed cohort compared to an unexposed 
cohort to determine the incidence of a given 
outcome. This can be prospective (concurrent) 
or retrospective. A large sample of patients can 
be assembled for follow-up examinations. 
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Cohort studies can allow multiple outcomes as 
a result of a given exposure to be investigated 
within the same study. Treatment protocols 
assigned to different clinics can, Furthermore., 
be used for comparison purposes then pa‘ients 
are checked on a regular basis. This study design 
has the advantage of allowimg the inclusion 
of ueneral dentists and, therefore, may reveal 
aspects of cndodontics of which we “lave very 
little understanding. A problem is that these 
studies are expensive, time-consuming, and 
require careful attention to detail. Regardless 
of the cure taken to choose the con‘trol group, 
selection has 1s always a concern. 


CLINICAL TRIALS 


Randomized controlled trials (RCTs), unlike 
the preceding study designs, are (rue controlled 
experiments. Well-controllecd RCTs, waich are 
frequently referred to as the “gold standard” 
of research, can provide tne strongest evidence 
of causation. Two or more groups of subjects 
receive different interventions and are followed 
forward in time and at some point arc compared 
using an outcome measure. An important feature 
of RCTs is that patients are allocated to test 
and control procedures in a strictly randomized 
manner. To be appropriate, an RCT, also, 
requires a pre-calculated minimal mimber of 
patients to be included in order to ensure ‘hat 
a Statistical difference between the test and the 
control procedure can be ascertained. RCTs are 
indeed powerful tools as many of the biases ‘hat 
affec: nonrandomized trials can be eliminated. 


Nevertheless, RCTs nave a number of potential 
weaknesscs that make thom inappropriate to 
be conducted for some studies. RCTs require 
long time to conduct. There are, also, higth 
costs involved. Carcful planning ts, therefore. 
required and good training of the operators and 
continuous control of the procedures in both the 
test and control groups must be maintained. A 
single RCT (even if meticulously conducted) 
may not he sufficient ‘n provide good evidence 
due to possible differences in study methods at 
different settings. RCTs can raise some ethical 
eoncems if the potential benefit of ‘he tested 
treatment or procedure is large enough tha‘ the 


subjects of the control group may be deprived 
of. Because of the strict eligibility criteria and 
loss to follow-up, RCT sample size requizemen’s 
are difficult to attain and maintain with limited 
extemal validity of results. 


Validity In Clinical Trials 


Validity of research refers to its credibili‘y and 
truthfulness in answering (ne researc question. 
Internal validity of research is mainly evaluated 
through its methodology, while external validity 
refers to i's generalizability. 


Enhancing the validity of research entails mini- 
mizing the sources of potential errors. Two main 
sources of errors could occur on undergoing 
clinical trials, namely: random errors, and sys- 
tematic errors. 


Random errors refer to those occurring due to 
chance. Tne observed ditference hetween the 
intervention and ‘he control group in a clinical 
study cannol be expected to represent a ‘true 
difference because of the random variation 
between the groups being compared. Statistical 
tests nelp ‘o estimate how well the observed 
difference approxima‘es the real difference. 


There are two main approaches 10 assessing tie 
role of chance in clmical studies, hypothesis 
testing and estimation. With hypothesis testing, 
statistical tesis are conducted to calculate the 
probability that the observed result was by 
chance. This calculation may result in both false 
positive and false negative statistical errors. A 
Type I error relates to the conclusion of an effect 
of the tested procedure that does not exist m 
reality, while a Type II error means that there is 
a positive effect whicn the data failed to show 
the acceptable size of the risk for errors of both, 
It is customary to set the risk for Type I errors 
at 1% or 5%. For Type II errors, a considerably 
higher risk of error is normally accepted and tne 
probability is usually given at 20%. 


In order to avoid statistical errors, sample size 
is an important concem. A calculation should, 
therefore, be carried out pror to tne onset of a 
study in order to analyze how many patients are 
needed to avoid a Type II error. 


PRUE TICS 


Systematic error (deviation from truth) is also 
known as bias. Different types of bias can occur 
in clinival studies. Selection bias arises when 
comparisons are made on groups that differ in 
ways other than the factors under study. Groups 
of patients often ditter in many wavs by age, 
sex, general health, and severity of disease. If 
the ovtcome is to be compared for two groups 
that differ on a certain variable e.g the type of 
instrument used for cleaning and shaping but are 
dissimilar in any other way and ‘this difference 
itself is related to ‘he outcome of interest, the 
comparison between the 2roups will be biased. 
Randomization is the best way to overcome ‘hese 
difficclfies. Performance bias occers when the 
care provided to the different groups is different; 
blinding, whenever possible, to participants and 
carcgivers 18, thus, recommended, Detection 
bias ocecrs when ovteomes are differently 
determined across groups; blinding, whenever 
possinle, to assessors is, ‘us, recommended. 
Measurement bias arises when the means or 
methods of measurement are different among the 
groups of patien’s (e.g. radiographie fechmique), 


SYSTEMATIC REVIEW 


systematic revicws are a special type of review 
article ‘hat can be considered to provide the 
highest level of evidence when several similar 
randomized controlled trials on the same clinical 
question are utilized. 


Systematic reviews, unlike textbook chapters 
or narrative reviews, require careful p_anning 
and inclusion of methods that minimize bias 
and random error The methods must then be 
transparent in order to allow other researchers 
to replicate the results and reach similar 
conclusions. Meta-analysis is the statistical 
analysis used in a systematic review where data 
can be pooled for quantitative in addition to 
qualitative data synthesis. 


EVIDENCE-BASED PRACTICE 
PROCESS 


Application of evidence-based dentistry in 
practice is achieved ‘nro gh a process comprising 
the following steps: L) formulation of an 
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answeradle researc’ question (PICOT fomnat); 
2) finding the best 
3) appraising ‘his evidence; 4) applying the 
evidence, then 5) assessing ‘he consequences of 
such application, 


availatle evidence; 


One of the fundamental skills required for 
evidence-based practice is the asking of well- 
built clinical questions. By formulating an 
answeradle question to focus your cfforts 
specifically on what matters. These questions are 
usually triggered Dy patient encounters which 
menera‘e questions about ‘he diagnosis, therapy, 
prognosis or etiology. A good starting point is 
the use of the PICOT concept which stands for 
population/participants/problem, intervention, 
and controlécomparator procedure and onteame 
measure. The PICO model can also be adopted 
for both planning as well as for evaluating 
individual studies. 


The second step involves finding the relevant 


evidence, This sicp involves identifying 
search terms which will originate from the 
carefully constructed Question, selecting 
resources in which to perform your search 
such as academic databases e.g. medline, ‘hen 
constructing an elTective search strategy using 
different tools e.z. Boolean operators, controlled 
vocabulary and filters to control the scope of 
your acarch. 


Critical appraisal skills are required ‘o further 
filter out studies that may seem interesting but 
are weak. Use a simple critical appraisal method 
that will answer ‘hese questions: What question 
did the study address! Were the methods valid? 
What are the results? How do the results apply to 
your practice? Individual clinical decisions can 
then be made by combining the best available 
evidence with your clinical expertise and your 
patient's values. Suen decisions should, tien, 
be implemented info your clinical practice, 
and then the final step implies the evaluation 
of the effectiveness of your decision in direct 
relation to your patient. Was the application of 
the new information effective? Should this new 
information continue to Se applied to practice? 
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OUTCOMES 


An outcome in a study is the end result a 
study seeks to measure, Oulvomes must be 
measurcable and should, pretcrably, bc paticnt- 
relevant. Because of their selection and training, 
dentists i general and scholars in particular 
tend to prefer the kind of precise measurements 
the physical and biological sciences provide; 
they discount others, especially with respect to 
research. 


In medical disciplines, outcomes are assessed In 
Tour dimensions; the (irs dimension is physical” 
physiologic and 1s related to presence or absence 
of health/disease, pain, and function. The second 
dimension assesses longevity or survival. 
Tne third dimensior. relates to economics and 
assesses direel and indirect costs. Finally, the 
fourth dimension cxamincs psychological 
aspects involving perceptions of health-related 
quality of ufe and aesthetics. 


In erdodontics, there are numerous studies 
concemed with tre maintenance of pulp vitality, 
formation of hard tissue repair, elimination 
of microbes. yuahiy of root fillings, and 
disappearance or reduction of periapical 
radiclucencies. Yet, relief of symptoms, retaining 
a functional and asymptomatic tooth ir the long 
term, and a feeling of well being are among tne 
uportal oulcomes of dental care. These are 
central concems of paticnts and dentists alike. 
To guide clinical decisions, reports of clinical 
research saould, therefore. include these basic 
patient-centered outcomes. 


Outcomc measures that do not carry direct 
practical importance but are believed to reflect 
Zenuine outcomes are called surrogate measures. 
They often include physiological or biochemical 
markers that can be relatively quickly and 
easily measured and taker as neing predictive 
of a true clinical outcome. Surrogate endpoints 
are often used when the observation of clinical 
outcomes requires long-term follow-ups. It 1s of 
Importance that the ecrrelatior of the surrogate 
with the clinically-important erdpoirt 2e well 
established. 





Evidence can ce Patient-Oriented Evidence 
that Matters (POEM) or Diseased-Oriented 
Evidence (DOE). POEM deals with issues such 
as morbidity, mortaliiy and quality of hfe. In 
contrast, DOE focuses on surrogate outcomes 
such as changes in lahoratory or radiographic 
changes following treatment. In cndodontics, 
most cf the evidence is af the DOE type. 


REPORTING THE RESULTS 
OF RESEARCH 


Complete and consistent reporting of research 
results is important. In order to improve report 
ing quality of the results of the different types 
cf research, reporting guidelines have been de- 
veloped. Reporting guidelines are siatements 
intended to advise aulhors reporling research 
methods and findings. They can be presented 
asa checklist, Aow diagram or text, ard lay out 
what 18 required tn sive a clear and transpar- 
cnt account of a study's rescarcn and results. 
These guidelines are prepared through consid- 
eration of specific issues that may introduce 
bias, ard are supported by the latest evidence in 
the field. Among the commonly-known report- 
ing guidelines are: SPIRIT ‘Standard Prowwocol 
Items: Recommendations For Interventional Tn- 
als) 2013 statement, for reporting protocols of 
chirical trials; CONSORT (Corsolidated Stan- 
dards of Reporting ‘Inalsi 2010 statemert, for 
the reporting of randomized clinical trilas, ‘lhe 
STROBE (Strengthening the Reporting of Ob- 
servational studies in epidemiology) statement, 
for the reporting of the observational studies 
(cross-sectional, cass-control and cohort stud- 
ies}; ARRIVE (Animal Research: Reporting of 
In Vivo Experiments), forthe reporting of animal 
studies; STARD (STAndards for Reporting of 
lNagrostic Accuracy), for reporting of diagnos- 
ne acenracy studies; The PRISMA (Preferred 
Reporting Items for Systematic Reviews and 
Meta Analyses) statement, for reporting system- 
atic reviews and meta analyses. 





CHAPTER REVIEW QUESTIONS 





l. Enumerate lie steps ote evidence-based devtistry process. 
ae What is the difference between cohorl studizs and case-control studies? 
4. Define the following terms: oulcome, surrogate endpoint, PICOT concept. 





© Bader JD. Systematic reviews and their ucplicaltons fn dental pracuice. Tex Dent! 2004, |21: 380 -7 
a Berganbolz G, Kvist T. Evidence-based Endodontics. Endod Topics 2014; 31:3-18 

* Equator network. hitp ww w eguator-network.org'. 

a Harpreaves KH, Cohen 5. Cohens Pathways of the pulp. Lith ed. Mosby El Sevier, 20 14. 


a QOleckno WA. Essential epidemiology: principles and applications, Prospect Heizhis: Waveland Press, 
[ne., 2002:252. 


* Sackett DL, Rosenberg WM, Cray JA, Haynes RG, Richardson WS. Evidence-based medicine: whal 
lis and whatitisn't. BMJ 1995: 312: 71-2. 


© Sivek J, Gowlay ML, Slawson OC, Slanglmessy AP. How tow) an evilence- basel chniral review. 
article. Am: Fam Physician 2002; 65 751-8. 


e Torabinejad M, Bahjari K Essential elements of evidenced-based endodoniics: Steps involved in 
conducting clinical research, J Endod 2005; 31: 563-9 


TESHRICAL & CLIBICSL ENWDBODORTICS 461 


